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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re application of: Goodman et al. Group Art Unit: 1636 



Examiner: McKelvey, T. 
Attorney Docket No. B98-03 1-5 

Date: March 31, 2000 

This is a divisional application of US Serial 
No. 09/191,647, filed November 13, 1998. 

PRFJ.TMTNARY AMENDMENT 

The Assistant Commissioner for Patents 
Washington, DC 20231 

Dear Conamissioner: 

Please enter the following preliminary amendments in this divisional application: 

IN THE SPECIFICATION 

At page 1, line 3, please delete "Inventors: Corey S. Goodman, Thomas Kidd, Katja 
Brose and Marc Tessier-Lavigne". 

At page 1, hnes 9-10, please change "is a continuing ... Nov 14 1997" to --claims the 
benefit of U.S. Application No. 09/191,647, filed November 13, 1998, which claims the benefit 
of U.S. Provisional Application No. 60/081,057 filed Apr 07, 1998 and U.S. Provisional 
Application No. 60/065,544, filed Nov 14, 1997--. 

At page 6, line 17, inmiediately following "Tables 3 and 4.", please insert the attached 
Tables 1 and 2, and please change "white backgrounded sequences in Tables 3 and 4" to - 
unboxed sequences in Tables 1 and 2~. Also, please insert page numbers on the pages of the 
attached Tables 1 and 2 corresponding to their position in the specification and please renumber 
the subsequent pages of the specification accordingly. 

At page 6, line 18, please change "Table 1" to -Table 3~. 

At page 6, line 10, please change "fragemtns" to -fragments--. 

At page 6, hne 20, please change "Table 1" to -Table 3-. 

At page 7, line 24, please change "Table 2" to -Table 4-. 



Serial No. Not yet assigned 
Filed: Herewith 

For: Modulating Robo: Ligand Interactions 



1 



B98-031-5 



At page 8, line 1, please change "Table 2" to -Table 4-. 

At page 1 1, lines 21-22, please change "Table 5 (A and B)" to -Table 5- 

At page 1 1, immediately before line 23, please insert the following text: 



--Table 5. Hybridization Probes for Regions of Human Slit-1 

Hybridization probe for first leucine rich 
repeat region 

Hybridization probe for second leucine 
rich repeat region 

Hybridization probe for third leucine rich 
repeat region 

Hybridization probe for fourth leucine rich 
repeat region 

Hybridization probe for EGF repeats one 
to five 

Hybridization probe for the sixth EGF 
repeat and preceding spacer region 

Hybridization probe for the 99aa spacer/G- 



SEQ ID NO:01, nucleotides 82-828 
SEQ ID NO:01, nucleotides 829-1503 
SEQ ID NO:01, nucleotides 1504-2166 
SEQ ID NO:01, nucleotides 2167-2751 
SEQ ID NO:01, nucleotides 2752-3327 
SEQ ID NO:01, nucleotides 3328-3461 
SEQ ID NO:01, nucleotides 3462-3987 



loop region 

Hybridization probe for EGF repeats seven SEQ ID NO:01, nucleotides 3988-4341 



to nine 

Hybridization probe for the cysteine knot 
region 



SEQ ID NO:01, nucleotides 4342-4575 



Table 6. PGR Primers for regions of Human Slit. 



PGR Primers for first leucine 
rich repeat region 



Forward: SEQ ID NO:01, nucleotides 82-1 1 1 
Reverse: reverse complement of SEQ ID NO:01, 
nucleotides 799-828 



PGR Primers for second leucine Forward: SEQ ID NO:01, nucleotides 829-858 



rich repeat region 



Reverse: reverse complement of SEQ ID NO:01, 
nucleotides 1474-1503 
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PGR Primers for third leucine 
rich repeat region 

PGR Primers for fourth leucine 
rich repeat region 

PGR Primers for EOF repeats 
one to five 

PGR Primers for the sixth EOF 
repeat and preceding spacer 
region 

PGR Primers for the 99aa 
spacer/G-loop region 

PGR Primers for EOF repeats 
seven to nine 

PGR Primers for the cysteine 
knot region 



Forward: SEQ ID NO:01, nucleotides 1504-1533 
Reverse: reverse complement of SEQ ID NO:01, 
nucleotides 2137-2166 

Forward: SEQ ID NO:01, nucleotides 2167-2196 
Reverse: reverse complement of SEQ ID NO:01, 
nucleotides 2722-2751 

Forward: SEQ ID NO:01, nucleotides 2752-2781 
Reverse: reverse complement of SEQ ID NO:01, 
nucleotides 3298-3327 

Forward: SEQ ID NO:01, nucleotides 3328-3357 
Reverse: reverse complement of SEQ ID NO:01, 
nucleotides 3432-3461 

Forward: SEQ 1:01, nucleotides 3462-3491 
Reverse: reverse complement of SEQ ID NO:01, 
nucleotides 3958-3987 

Forward: SEQ ID NO:01, nucleotides 3988-4017 
Reverse: reverse complement of SEQ ID NO:01, 
nucleotides 4312-4341 

Forward: SEQ ID NO:01, nucleotides 4342-4371 
Reverse: reverse complement of SEQ ID NO:01, 
nucleotides 4546-4575 



Leucine rich repeats (LRRs) are predicted by comparison with known proteins and by the 
presence of a leucine rich core sequence. In slit proteins, the LRRs are flanked by conserved 
sequences referred to as the amino- and carboxy- flanking regions. These flanking regions are 
found in other known proteins, but only in a few instances are both the amino- and carboxy- 
flank regions present in a single protein. The so called "99aa spacer" is actually --'200 amino 
acids in the Drosophila protein and 174 amino acids in Human Slit-L This region shows 
homology to the G-loops of laminin A chains. 

Gysteine knots are dimerisation domains defined by the presence of six cysteine residues 
between which disulphide bridges form. The only absolutely conserved residues are the six 
cysteines, and spacing between them is highly variable, apart from between cysteines 2 and 3, 
and 5 and 6. The glycine between cysteines 2 and 3 is only present in a subset of cysteine knots. 
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Drosophila slit and Human slit-1 both have an extra cysteine after cysteines 5 and 6: this may 
serve as an intermolecular bond. Human Slit-1 gene displays the overall structure of the 
Drosophila gene, and amino acid conservation is found along the entire length of the protein 
(48% homology at the amino acid sequence excluding the signal sequence; see below). The 
Human gene has an extra LRR between LRR2 and LRR3 of the first set of LRRs; in the third set, 
the Human gene has an extra LRR between LRRS and LRR4. The Human gene has two extra 
EGF repeats, on either side of the seventh EGF repeat in Drosophila slit. 

Isolation of Human slit-1 

Searching of the EST database revealed an EST, abl6gl0.rl, with homology to the 99aa spacer 
region of Drosophila slit. This EST was used to probe a Human fetal brain library (Stratagene), 
and clones for Human slit-1 were isolated. 

Features of Human Slit Predicted Protein 







First amino-flanking sequence 


SEQ ID NO:02, residues 28-59 


First set of Leucine Rich Repeats 


SEQ ID NO:02, residues 60-179 (6 repeats) 


First carboxy-flanking sequence 


SEQ ID NO:02, residues 180-276 


Second amino-flanking sequence 


SEQ ID NO:02, residues 277-308 


Second set of Leucine Rich Repeats 


SEQ ID NO:02, residues 309-434 (5 repeats) 


Second carboxy-flanking sequence 


SEQ ID NO:02, residues 435-501 


Third amino-flanking sequence 


SEQ ID NO:02, residues 502-533 


Third set of Leucine Rich Repeats 


SEQ ID NO:02, residues 534-560 (5 repeats) 


Third carboxy-flanking sequence 


SEQ ID NO:02, residues 661-722 


Fourth amino-flanking sequence 


SEQ ID NO:02, residues 723-754 


Fourth set of Leucine Rich Repeats 


SEQ ID NO:02, residues 755-855 (4 repeats) 


Fourth carboxy-flanking sequence 


SEQ ID NO:02, residues 856-917 


First EGF repeat 


SEQ ID NO:02, residues 918-952 


Second EGF repeat 


SEQ ID NO:02, residues 953-993 


Third EGF repeat 


SEQ ID NO:02, residues 994-103 1 
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Fourth EGF repeat 


SEQ ID NO:02, residues 1032-1071 


Fifth EGF repeat 


SEQ ID NO:02, residues 1072-1 109 


Spacer 


SEQ ID NO:02, residues 1110-1116 


Sixth EGF repeat 


SEQ ID NO:02, residues 1 1 17-1 153 


"99aa spacer" 


SEQ ID NO:02, residues 1 155-1329 


Seventh EGF repeat 


SEQ ID NO:02, residues 1330-1366 


Eighth EGF repeat 


SEQ ID NO:02, residues 1367-1404 


Nineth EGF repeat 


SEQ ID NO:02, residues 1405-1447 


Cysteine knot motif 


SEQ ID NO:02, residues 1448-1525 


Amino acid identity between Drosophila and Human Sht-1 


First amino-flanking sequence 


53% 


First set of Leucine Rich Repeats 


52% (54%, 67%, NA, 38%, 54%, 50%) 


First carboxy-flanking sequence 


42% 


Second amino-flanking sequence 


50% 


Second set of Leucine Rich Repeats 


60% (54%, 58%, 67%, 71%, 50%) 


Second carboxy-flanking sequence 


62% 


Third amino-flanking sequence 


56% 


Third set of Leucine Rich Repeats 


49% (46%, 46%, 42%, NA, 58%) 


Third carboxy-flanking sequence 


36% 


Fourth amino-flanking sequence 


53% 


Fourth set of Leucine Rich Repeats 


48% (25%, 58%, 46%, 63%) 


Fourth carboxy-flanking sequence 


63% 


First EGF repeat 


34% 


Second EGF repeat 


46% 


Third EGF repeat 


46% 


Fourth EGF repeat 


35% 


Fifth EGF repeat 


47% 




5 B98-031-5 



spacer 


22% 


Sixth EGF repeat 


40% 


"99aa spacer" 


38% 


Seventh EGF repeat 


11% /NA 


Eighth EGF repeat 


44% 


Nineth EGF repeat 


29% /NA 


Cysteine knot motif 


34% 



NA: not applicable due to absence of homologous repeat. 
Figures for individual LLRs are shown in brackets. ~ 



Lranediately prior to the claims, please insert the enclosed 23 page section entitled 
"SEQUENCE LISTING". 

Please delete all pages after page 17. 

IN THE CLAIMS 

Please cancel all pending claims (1-7) and add new claims 8-27 as follows: 

8. (New) A mixture comprising an isolated Slit polypeptide and a Robo polypeptide, said 
Slit polypeptide comprising at least one sequence selected from the group consisting of SEQ ID 
NOS:2-14, or a subsequence thereof having at least 16 consecutive amino acid residues thereof. 

9. (New) A mixture according to claim 8, the Slit polypeptide comprising at least one 
sequence selected from the group consisting of SEQ ID NOS:2-14, or a subsequence thereof 
having at least 64 consecutive amino acid residues thereof. 

10. (New) A mixture according to claim 8, the Slit polypeptide comprising at least one 
sequence selected from the group consisting of SEQ ID NOS:2-14. 

1 1. (New) A mixture according to claim 8, the Slit polypeptide comprising SEQ ID NO:2, or 
a subsequence thereof having at least 16 consecutive anaino acid residues thereof. 

12. (New) A mdxture according to claim 8, the Slit polypeptide comprising SEQ ID N0:2, or 
a subsequence thereof having at least 64 consecutive amino acid residues thereof. 
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13. (New) A mixture according to claim 8, the Slit polypeptide comprising at least one 
sequence selected from the group consisting of SEQ ID NOS:3-6, or a subsequence thereof 
having at least 16 consecutive amino acid residues thereof. 

14. (New) A mixture according to claim 8, the Slit polypeptide comprising at least one 
sequence selected from the group consisting of SEQ ID NOS:3-6, or a subsequence thereof 
having at least 64 consecutive amino acid residues thereof. 

15. (New) A mixture according to claim 8, the Slit polypeptide comprising SEQ ID N0:7, or 
a subsequence thereof having at least 16 consecutive amino acid residues thereof. 

16. (New) A mixture according to claim 8, the Slit polypeptide comprising SEQ ID NO:7, or 
a subsequence thereof having at least 64 consecutive amino acid residues thereof. 

17. (New) A mixture according to claim 8, the Slit polypeptide at comprising least one 
sequence selected from the group consisting of SEQ ID NOS:8-9, or a subsequence thereof 
having at least 16 consecutive amino acid residues thereof. 

18. (New) A mixture according to claim 8, the Slit polypeptide comprising at least one 
sequence selected from the group consisting of SEQ ID NOS:8-9, or a subsequence thereof 
having at least 64 consecutive amino acid residues thereof. 

19. (New) A mixture according to claim 8, the Slit polypeptide comprising at least one 
sequence selected from the group consisting of SEQ ID NOS:10-1 1, or a subsequence thereof 
having at least 16 consecutive amino acid residues thereof. 

20. (New) A mixture according to claim 8, the Slit polypeptide comprising at least one 
sequence selected from the group consisting of SEQ ID NOS:10-1 1, or a subsequence thereof 
having at least 64 consecutive amino acid residues thereof. 

21 . (New) A mixture according to claim 8, the Slit polypeptide comprising at least one 
sequence selected from the group consisting of SEQ ID NOS: 12-14, or a subsequence thereof 
having at least 16 consecutive amino acid residues thereof. 
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22. (New) A mixture according to claim 8, the Slit polypeptide comprising at least one 
sequence selected from the group consisting of SEQ ID NOS:12-14, or a subsequence thereof 
having at least 64 consecutive amino acid residues thereof. 

23. (Nevt^) A mixture according to claim 8, the Slit polypeptide comprising at least one 
sequence selected from the group consisting of SEQ ID N0:2, amino acid residues 1-10; SEQ ID 
N0:2, amino acid residues 29-41; SEQ ID N0:2, amino acid residues 75-87; SEQ ID NO:2, 
amino acid residues 92-109; SEQ ID N0:2, amino acid residues 132-141; SEQ ID NO:2, amino 
acid residues 192-205; SEQ ID N0:2, amino acid residues 258-269; SEQ ID N0:2, amino acid 
residues 295-311; SEQ ID NO:2, amino acid residues 316-330; SEQ ID N0:2, amino acid 
residues 373-382; SEQ ID N0:2, amino acid residues 403-422; SEQ ID N0:2, amino acid 
residues 474-485; SEQ ID NO:2, amino acid residues 561-576; SEQ ID N0:2, amino acid 
residues 683-697; SEQ ID N0:2, amino acid residues 768-777; SEQ ID NO:2, amino acid 
residues 798-813; SEQ ID N0:2, amino acid residues 882-894; SEQ ID N0:2, amino acid 
residues 934-946; SEQ ID N0:2, amino acid residues 1054-1067; SEQ ID N0:2, amino acid 
residues 1181-1 192; SEQ ID N0:2, amino acid residues 1273-1299; SEQ ID NO:2, amino acid 
residues 1383-1397; SEQ ID NO:2, amino acid residues 1468-1477; and SEQ ID NO:2, amino 
acid residues 1508-1517. 

24. (New) A mixture according to claim 8, comprising a cell comprising the Robo 
polypeptide. 

24. (New) A mixture according to claim 10, comprising a cell comprising the Robo 
polypeptide. 

25. (New) A mixture according to claim 8, comprising a candidate agent for modulating an 
interaction of the Robo and Slit polypeptides. 

26. (New) A method of identifying agents which modulate the interaction of a Robo 
polypeptide and a Slit polypeptide, said method comprising the steps of: 

combining the mixture of claim 8 and a candidate agent under conditions whereby, but 
for the presence of the agent, the Robo and Slit polypeptides engage in a first interaction, and 

determining a second interaction of the Robo and Slit polypeptides in the presence of the 

agent, 
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wherein a difference between the first and second interactions indicates that the agent 
modulates the interaction of the Robo and Slit polypeptides. 

27. (New) A method of identifying agents which modulate the interaction of a Robo 
polypeptide and a Slit polypeptide, said method comprising the steps of: 

combining the mixture of claim 8 and a candidate agent under conditions whereby, but 
for the presence of the agent, the Robo and Slit polypeptides engage in a first interaction, and 

determining a second interaction of the Robo and Slit polypeptides in the presence of the 

agent, 

wherein a difference between the first and second interactions indicates that the agent 
modulates the interaction of the Robo and Slit polypeptides. 

REMARKS 

The foregoing amendments to the specification are identical to those made in the parent 
appUcation Serial No.: 09/191,647 except update the "Cross Reference to Related Application" 
section of the instant application. 

As explained in 09/191,647, these amendments to the specification are intended to 
address Sequence Listing formalities and to incorporate the sections appended to the apphcation 
as filed: 

(1) by relocating the bodies and headings of Tables 3 and 4 (appended to the specification 
as filed) to page 6, renumbering them Tables 1 and 2 respectively and reformatting the shaded 
areas as open boxes. 

(2) by renumbering Tables 1 and 2 as filed, as Tables 3 and 4 respectively. 

(3) by relocating Tables 5 (A-B) and 6 (appended to the specification as filed) and the text 
accompanying these tables to page 11, and renumbering Table 5 (A-B) as Table 5. 

(4) by relocating the sections entitled "Features of Human Slit Predicted Protein" and 
"Amino acid identity between Drosophila and Human Slit-l" (appended to the specification as 
filed) to follow Table 6 and replacing the phrase, "presence of the core sequence ... amino acid" 
with -presence of a leucine rich core sequence-, deleting the four sentences "The amino flank 
region ... Cxxxxxx." and deleting ": C[x]C[l-3x]GxC[x]C[x]CxC" in the text of the section 
entitled "Features of Human Slit Predicted Protein". 

(5) by relocating the data of "SEQ ID NO: 1 & 2" (appended to the specification as filed) 
to a section entided "SEQUENCE LISTING" inmiediately prior to the claims. The sequences 
disclosed in this sequence listing are identical to those disclosed in the deleted "SEQ ID NO:l & 
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2" and Tables 3 and 4, as originally filed. 

In accordance with 37 CFR 1.82 1(e), please use the computer readable form of the 
Sequence Listing submitted on April 8, 1999 in Application No. 09/191,647, filed November 13, 
1998 as the computer readable form of the Sequence Listing for the instant Application. It is 
understood that the Patent and Trademark Office will make the necessary change in Application 
number and filing date for the computer readable form that will be used for the instant 
Application. The sequence information on the written Sequence Listing enclosed herewith is 
identical to that recorded in computer readable form filed in the above referenced Application 
No. 09/191,647 and includes no new matter. 

The foregoing amendments introduce no new matter. 



Respectfully submitted. 

Science & Technology Law Group 




Richard Axon Osman, Ph.D., Reg. No. 36,627 
Tel: (650) 343-4341; Fax: (650) 343-4342 
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Modulating Robo:Ligand Interactions 



Inventors: Corey S. Goodman, Thomas Kidd, Katja Brose and Marc Tessier-Lavigne 

The research carried out in the subject application was supported in part by NIH grant 
NS 1 8366. The government may have rights in any patent issuing on this application. 

CROSS-REFERENCE TO RELATED APPLICATION 
This application is a continuing application under 35USC120 of USSN 60/081,057 
filed Apr 07, 1998 and of USSN 60/065,544, filed Nov 14, 1997. 

INTRODUCTION 

Field of the Invention 

The field of this invention is methods for modulating nerve cell function. 
Backeroimd 

In the developing CNS, most growth cones confront the midlme at one or multiple 
times during their journey and make the decision of whether to cross or not to cross. This 
decision is not a static one but rather changes according to the growth cone's history. For 
example, in the Drosophila ventral nerve cord, about 10% of the mtemeurons project their 
axons only on their own side, in some cases extendmg near the midline without crossing it. 
The other 90% of the intemeurons first project their axons across the midline and then turn to 
project longitudinally on the other side, often extending near the midlme. These growth 
cones, having crossed the midline once, never cross it again, in spite of their close proximity 
to the midline and the many commissural axons crossing it This decision to cross or not to 
cross is not unique to Drosophila but is common to a variety of midline structures in all 
bilaterally symmetric nervous systems. 

What midline signals and growth cone receptors control whether growth cones do or 
do not cross the midline? After crossing once, what mechanism prevents these growth cones 
fi-om crossing again? A related issue concerns the nature of the midline as an intermediate 
target. If so many growth cones find the midline such an attractive structure, why do they 
cross over it rather than linger? Why do they leave the midline? 
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One approach to find the genes encoding the components of such a system is to screen 
for mutations in which either too many or too few axons cross the midline. Such a large-scale 
mutant screen was previously conducted in Drosophila, and led to the identification of two 
key genes: commissureless {comm) and roundabout (robo) (Seeger et al., 1993; reviewed by 
Tear et al, 1993). In comm mutant embryos, commissural growth cones initially orient 
toward the midline but then fail to cross it and instead recoil and extend on their own side. 
robo mutant embryos, on the other hand, display the opposite phenotype in that too many 
axons cross the midline; many growth cones that normally extend only on their own side 
instead now project across the midline and axons that normally cross the midline only once 
instead appear to cross and recross multiple times (Seeger et al, 1993; present disclosure). 
Double mutants of comm and robo display a roAo-like phenotype. 

How do comm and robo function to control midline crossing? Neither the initial 
paper on these genes (Seeger et al., 1993) nor the cloning of comm (Tear et al, 1996) resolved 
this question, comm encodes a novel surface protein expressed on midline cells. In fact, the 
comm paper (Tear et al., 1996) ended with the hope that future work would "... help shed 
some light on the enigmatic function of Comm." 

USSN 08/971,172 {Robo, A Novel Family of Polypeptides and Nucleic Acids, by 
inventors: Corey S. Goodman, Thomas Kidd, Kevin J. Mitchell and Guy Tear) discloses the 
cloning and characterization of robo in varioxis species including Drosophila; Robo 
polypeptides and polypeptide-encoding nucleic acids are also disclosed and their genbank 
accession numbers referenced in Kidd et al. (1998) Cell 92, 205-215. robo encodes a new 
class of guidance receptor with 5 immimoglobulin (Ig) domains, 3 fibronectm type III 
domains, a transmembrane domain, and a long cytoplasmic domain. Robo defines a new 
subfamily of Ig superfamily proteins that is highly conserved from fruit flies to mammals. 
The Robo ectodomains, and in particular the first two Ig domains, are highly conserved from 
fruit fly to human, while the cytoplasmic domains are more divergent. Nevertheless, the 
cytoplasmic domains contain three highly conserved short proline-rich motifs which may 
represent binding sites for SH3 or other binding domains in linker or signaling molecules. 

For those axons that never cross the midline, Robo is expressed on their growth cones 
from the outset; for the majority of axons that do cross the midline, Robo is expressed at high 
levels on their growth cones only after they cross the midline. Transgenic rescue experiments 
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in Drosophila reveal that Robo can function in a cell autonomous fashion, consistent with it 
functioning as a receptor. Thus, in Drosophila, Robo appears to function as the gatekeeper 
controlling midline crossing; growth cones expressing high levels of Robo are prevented firom 
crossing the midline. Robo proteins in mammals function in a similar manner in controlling 
axon guidance. 

USSN 60/065,54 (Methods for Modulating Nerve Cell Function, by inventors: Corey 
S. Goodman, Thomas Kidd, Guy Tear, Claire Russell and Kevin Mitchell) discloses ectopic 
and overexpression studies revealing that Comm down-regulates Robo expression, 
demonstrating that Comm functions to suppress the Robo-mediated midline repulsion. These 
resuhs show that the levels of Comm at the midline and Robo on growth cones are tightly 
intertwined and dynamically regulated to assure that only certain growth cones cross the 
midline, that those growth cones that cross do not linger at the midline, and that once they 
cross they never do so again. 
Relevant Literature 

Seeger, M., Tear, G., Ferres-Marco, D. and Goodman C.S. (1993) Neuron 10, 409 - 426; Tear 
G., et al. (1996) Neuron 16, 501 - 514; Rothberg et al. (1990) Genes Dev 4, 2169-2187; Kidd 
et al. (1998) Cell 92, 205-215. 

SUMMARY OF THE INVENTION 
The invention provides methods and compositions relating to vertebrate Slitl and 
Slit2, collectively vertebrate Slit) polypeptides, related nucleic acids, polypeptide domains 
thereof having vertebrate Slit-specific structure and activity, and modulators of vertebrate Slit 
function. Vertebrate Slit polypeptides can regulate cell, especially nerve cell, function and 
morphology. The polypeptides may be produced recombinantly from transformed host cells 
from the subject vertebrate Slit polypeptide encoding nucleic acids or purified from 
mammalian cells. The invention provides isolated vertebrate Slit hybridization probes and 
primers capable of specifically hybridizing vnXh. natural vertebrate Slit genes, vertebrate Slit- 
specific binding agents such as specific antibodies, and methods of making and using the 
subject compositions iu diagnosis (e.g. genetic hybridization screens for vertebrate Slit 
transcripts), therapy (e.g. to modulate nerve cell growth) and in the biopharmaceutical 
industry (e.g. as immunogens, reagents for isolating vertebrate Slit genes and polypeptides. 
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reagents for screening chemical libraries for lead pharmacological agents, etc.). 

The invention also provides methods and compositions for identifying agents which 
modulate the interaction of Robo and a Robo ligand and for modulating the interaction of 
Robo and a Robo ligand. The methods for identifying Robo:Iigand modulators find particular 
application in commercial drug screens. These methods generally comprise (1) combining a 
Robo polypeptide, a Slit polypeptide and a candidate agent under conditions whereby, but for 
the presence of the agent, the Robo and Slit polypeptides engage in a first interaction, and (2) 
determining a second interaction of the Robo and Slit polypeptides in the presence of the 
agent, wherein a difference between the first and second interactions indicates that the aget 
modulates the interaction of the Robo and Slit polypeptides. The subject methods of 
modulating the interaction of Robo and a Robo ligand involve combming a Robo 
polypeptide, a Slit polypeptide and a modulator under conditions whereby, but for the 
presence of the modulator, the Robo and Slit polypeptides engage in a first interaction, 
whereby the Robo and Slit polypeptides engage in a second interaction different fi-om the first 
interaction. In a particular embodiment, the modulator is dominant negative form of the 
Robo or Slit polypeptide. 

DETAILED DESCRIPTION OF THE INVENTION 
The subject methods include screens for agents which modulate Robo:ligand 
interactions and methods for modulating Robo:ligand interactions. Robo activation is found 
to regulate a wide variety of cell functions, including cell-cell interactions, cell mobility, 
morphology, etc. Slit polypeptides are disclosed as specific activators and inactivators of 
Robo polypeptides. Accordingly, the invention provides methods for modulating targeted cell 
function comprising the step of modulating Robo activation by contacting the cell with a 
modulator of a Robo:Slit interaction.. 

The targeted Robo polypeptide is generally naturally expressed on the targeted cells. 
The nucleotide sequences of exemplary natural cDNAs encoding drosophila 1, drosophila 2, 
C. elegans, human 1, human 2 and mouse 1 Robo polypeptides and their translates are 
described in Kidd et al. (1998) Cell 92, 205-215 and USSN 08/971,172. The targeted Robo 
polypeptides comprise at least a functional Robo domain, which domain has Robo-specific 
amino acid sequence and binding specificity or function. Preferred Robo domains comprise 
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at least 8, preferably at least 16, more preferably at least 32, most preferably at least 64 
consecutive residues of a natural full length Robo. In a particular embodiment, the domains 
comprise one or more structural/functional Robo immunoglobulin, fibronectin or cytoplasmic 
motif domains described herein. The subject domains provide Robo-specific antigens and/or 
5 inmiunogens, especially when coupled to carrier proteins. For example, peptides 

corresponding to Robo- and human Robo-specific domains are covalently coupled to keyhole 
limpet antigen (KLH) and the conjugate is emulsified in Freunds complete adjuvant. 
Laboratory rabbits are immunized according to conventional protocol and bled. The presence 
of Robo-specific antibodies is assayed by solid phase immimosorbant assays using 
10 immobilized Robo polypeptides. Generic Robo-specific peptides are readily apparent as 
conserved regions in aligned Robo polypeptide sequences. In addition, species-specific 
antigenic and/or immimogenic peptides are readily apparent as diverged extracellular or 

C3 cytosolic regions in alignments Human Robo-specific antibodies are characterized as 

m uncross-reactive with non-human Robo polypeptides. 

J^l 5 The subject domains provide Robo domain specific activity or function, such as 

Robo-specific cell, especially neuron modulating or modulating inhibitory activity, Robo- 

m ligand-binding or binding inhibitory activity. Robo-specific activity or function may be 

- determined by convenient in vitro, cell-based, or in vivo assays: e.g. in vitro binding assays, 
cell culture assays, in animals (e.g. gene therapy, transgenics, etc.), etc. The binding target 
may be a natural intracellular binding target, a Robo regulating protein or other regulator that 

fk directly modulates Robo activity or its localization; or non-natural binding target such as a 

specific immune protein such as an antibody, or a Robo specific agent such as those identified 
in screening assays such as described below. Robo-binding specificity may be assayed by 
binding equilibrium constants (usually at least about lO^M"^ preferably at least about 10* M"^ 
25 more preferably at least about 10^ M"'), by the ability of the subject polypeptide to function as 
negative mutants in Robo-expressing cells, to elicit Robo specific antibody in a heterologous 
host (e.g a rodent or rabbit), etc. 

Similarly, the Slit polypeptide is conveniently selected from Slit polypeptides which 
specifically activate or inhibit the activation of the Robo polypeptide. Exemplary suitable Slit 
30 polypeptides (a) comprises a vertebrate Slit sequence disclosed herein, especially human Slit- 
1 (SEQ ID NO:02), or a deletion mutant thereof which specifically modulates Robo 
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expression or a sequence about 60-70%, preferably about 70-80%, more preferably about 80- 
90%, more preferably about 90-95%, most preferably about 95-99% similar to a vertebrate 
Slit sequence disclosed herein as determined by Best Fit analysis using default settings and is 
other than a natural drosophila Slit sequence, preferably other than a natural invertebrate Slit 
sequence, and/or (b) is encoded by a nucleic acid comprising a natural Slit encoding sequence 
(such as a natural human Slit-1 encoding sequence, SEQ ID NO:01) or a fragment thereof at 
least 36, preferably at least 72, more preferably at least 144, most preferably at least 288 
nucleotides in length which specifically hybridizes thereto. Suitable deletion mutants are 
readily screened in Robo binding or activation assays as described herein. Preferred Slit 
domains/deletion mutants/fi^gemtns comprise at least 8, preferably at least 16, more 
preferably at least 32, most preferably at least 64 consecutive residues of a disclosed 
vertebrate Slit sequences and provide a Slit specific activity, such as Slit-specific antigenicity 
and/or immtmogenicity, especially when coupled to carrier proteins as described above for 
Robo above. Suitable natural Slit encoding sequence fragements are of length sufficient to 
encode such Slit domains. In a particular embodiment, the Slit fi-agments comprise species 
specific firagments; such fi-agments are readily discerned fi-om alignments of the disclosed 
sequences, see, e.g. shown as white backgrounded sequences in Tables 3 and 4. Exemplary 
such human Slit-1 immunogenic and/or antigenic peptides are shown in Table 1. 



Table 1. Immunogenic himian Slit-1 polypeptides eliciting Slit-1 specific rabbit polyclonal 
antibody: Slit polypeptide-KLH conjugates immunized per protocol described above. 



SlitPolvpeptide 
SEQ ID NO:02, res. 
SEQ ID NO:02, res. 
SEQ ID NO:02, res. 
SEQ ID NO:02, res. 
SEQ ID NO:02, res. 
SEQ ID NO:02, res. 
SEQ ID NO:02, res. 
SEQ ID NO:02, res. 
SEQ ID NO:02, res. 
SEQ ID NO:02, res. 
SEQ ID NO:02, res. 
SEQ ID NO:02, res. 



Immunogenicitv 
1-10 
29-41 
75-87 
92-109 
132-141 
192-205 
258-269 
295-311 
316-330 
373-382 
403-422 
474-485 



Slit Polvnep tide 
SEQ ID NO:02, res. 
SEQ ID NO:02, res. 
SEQ IDNO:02,res. 
SEQ IDNO:02,res. 
SEQ ID NO:02, res. 
SEQ ID NO:02, res. 
SEQ ID NO:02, res. 
SEQ ID NO:02, res. 
SEQ ID NO:02, res. 
SEQIDNO:02,res. 
SEQ ID NO:02, res. 
SEQ ID NO:02, res. 



Immttnogenicity 
561-576 
683-697 
768-777 
798-813 
882-894 
934-946 
1054-1067 
1181-1192 
1273-1299 
1383-1397 
1468-1477 
1508-1517 



4-H- 



The subject domains provide Slit domain specific activity or function, such as Slit- 
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specific cell, especially neuron modulating or modulating inhibitory activity, Slit-ligand- 
binding or binding inhibitory activity. Slit-specific activity or function may be determined by 
convenient in vitro, cell-based, or in vivo assays: e.g. in vitro binding assays, cell culture 
assays, in animals (e.g. gene therapy, transgenics, etc.), etc. The binding target may be a 
natural intracellular binding target, a Slit regulating protein or other regulator that directly 
modulates Slit activity or its localization; or non-natural binding target such as a specific 
immune protein such as an antibody, or a Slit specific agent such as those identified in 
screening assays such as described below. Slit-binding specificity may be assayed by binding 
equilibrium constants (usually at least about WM'\ preferably at least about 10^ M^^ more 
preferably at least about 10^ M"*), by the ability of the subject polypeptide to function as 
negative mutants in Slit-expressing cells, to elicit Slit specific antibody in a heterologous host 
(e.g a rodent or rabbit), etc. 

In one embodiment, the Slit polypeptides are encoded by a nucleic acid comprising 
SEQ ID NO:01 or a fi-agment thereof which hybridizes with a fiiU-length strand thereof, 
preferably imder stringent conditions. Such nucleic acids comprise at least 36, preferably at 
least 72, more preferably at least 144 and most preferably at least 288 nucleotides of SEQ ID 
NO:0L Demonstrating specific hybridization generally requires stringent conditions, for 
example, hybridizing in a buffer comprising 30% formamide in 5 x SSPE (0.18 M NaCl, 0.01 
M NaP04, pH7.7, 0.001 M EDTA) buffer at a temperature of 42°C and remaining bound 
w4ien subject to washing at 42°C with 0.2 x SSPE (Conditions I); preferably hybridizing in a 
btxffer comprising 50% formamide in 5 x SSPE buffer at a temperature of 42°C and 
remaining bound when subject to washing at 42°C vdth 0.2 x SSPE buffer at 42°C 
(Conditions II). Exemplary nucleic acids which hybridize v^th a strand of SEQ ID NO:01 are 
shovra in Table 2. 
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Table 2. Exemplary nucleic acids which hybridize with a strand of SEQ ID NO:01 under 
Conditions I and/or II. 



Slit Nucleic Acid Hybridization 

SEQ ID NO:01, nucl. 1-47 + 

SEQ ID NO:01, nucl. 58-99 + 

SEQ ID NO:01, nucl. 95-138 + 

SEQ ID NO:01, nucl. 181-220 + 

SEQ ID NO:01, nucl. 261-299 + 

SEQ ID NO:01, nucl. 274-315 + 

SEQ ID NO:01, nucl. 351-389 + 

SEQ ID NO:01, nucl. 450-593 + 

SEQ ID NO:01, nucl. 524-546 + 

SEQ ID NO:01, nucl. 561-608 + 

SEQ ID NO:01, nucl. 689-727 + 

SEQ ID NO:01, nucl. 708-737 + 

SEQ ID NO:01, nucl. 738-801 + 

SEQ ID NO:01, nucl. 805-854 + 

SEQ ID NO:01, nucl. 855-907 + 

SEQ ID NO:01, nucl. 910-953 + 

SEQ ID NO:01, nucl. 1007-1059 + 

SEQ ID NO:01, nucl. 1 147-1 163 + 



Slit Nucleic Acid Hybridization 

SEQ ID NO:01, nucl. 1258-1279 + 

SEQ ID NO:01, nucl. 1375-1389 + 

SEQ ID NO:01, nucl. 1581-1595 + 

SEQ ID NO:01, nucl. 1621-1639 + 

SEQ ID NO:01, nucl. 1744-1755 + 

SEQ ID NO:01, nucl. 1951-1969 + 

SEQ ID NO:01, nucl. 2150-2163 + 

SEQ ID NO:0 1 , nucl. 2524-2546 + 

SEQ ID NO:01, nucl. 2761-2780 + 

SEQ ID NO:01, nucl. 2989-2999 + 

SEQ ID NO:01, nucl. 3108-3117 + 

SEQ ID NO:01, nucl. 3338-3351 + 

SEQ ID NO:01, nucl. 3505-3514 + 

SEQ ID NO:01, nucl. 3855-3867 + 

SEQ ID NO:01, nucl. 4010-4025 + 

SEQ ID NO:01, nucl. 4207-4219 + 

SEQ ID NO:01, nucl. 4333-4345 + 

SEQ ID NO:0 1 , nucl. 452 1 -4529 + 



A wide variety of cell types express Robo polypeptides subject to regulation by the 
disclosed methods, including many neuronal cells, transformed cells, infected (e.g. virus) 
cells, etc. Ascertaining Robo binding or activation is readily effected by binding assays or 
cells function assays as disclosed herein or in the cited copending applications. Accordingly, 
indications for the subject methods encompass a wide variety of cell types and function, 
including axon outgrowth, tumor cell invasion or migration, etc. The target cell may reside in 
culture or m situ, i.e. withm the natural host. For in situ applications, the compositions are 
added to a retained physiological fluid such as blood or synovial fluid. For CNS 
administration, a variety of techniques are available for promoting transfer of the therapeutic 
across the blood brain barrier including disruption by surgery or injection, drugs which 
transiently open adhesion contact between CNS vasculature endothelial cells, and compounds 
which facilitate translocation through such cells. Slit polypeptides may also be amenable to 
direct injection or infusion, topical, intratracheal/nasal administration e.g. through aerosol, 
intraocularly, or within/on implants e.g. fibers e.g. collagen, osmotic pumps, grafts 
comprising appropriately transformed cells, etc. A particular method of administration 
involves coating, embedding or derivatizing fibers, such as collagen fibers, protein polymers. 
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etc. with therapeutic polypeptides. Other useful approaches are described in Otto et al. (1989) 
J Neuroscience Research 22, 83-91 and Otto and Unsicker (1990) J Neuroscience 10, 1912- 
1 92 1 . Generally, the amount administered will be empirically determined, typically in the 
range of about 10 to 1000 ^g/kg of the recipient and the concentration will generally be in the 
5 range of about 50 to 500 fig/ml in the dose administered. Other additives may be included, 
such as stabilizers, bactericides, etc. will be present in conventional amounts. 

In one embodiment, the invention provides administering the subject Slit polypeptides 
in combination with a pharmaceutically acceptable excipient such as sterile saline or other 
medium, gelatin, an oil, etc. to form pharmaceutically acceptable compositions. The 

10 compositions and/or compounds may be administered alone or in combination with any 

convenient carrier, diluent, etc. and such administration may be provided in single or multiple 
dosages. Useful earners include solid, semi-solid or liquid media including water and non- 
toxic organic solvents. In another embodiment, the invention provides the subject 
compounds in the form of a pro-drug, which can be metabolically converted to the subject 

1 5 compound by the recipient host. A wide variety of pro-drug formulations for polypeptide- 
based therapeutics are known in the art. The compositions may be provided in any 
convenient form including tablets, capsules, troches, powders, sprays, creams, etc. As such 
the compositions, in pharmaceutically acceptable dosage units or in bulk, may be 
incorporated into a wide variety of containers. For example, dosage units may be included in 

20 a variety of containers including capsules, pills, etc. The compositions may be 

advantageously combined and/or used in combination with other therapeutic or prophylactic 
agents, different from the subject compounds. In many instances, administration in 
conjunction with the subject compositions enhances the efficacy of such agents, see e.g. 
Goodman & Oilman 's The Pharmacological Basis of Therapeutics, 9^ Ed., 1996, McGraw- 

25 Hill. 

In another aspect, the invention provides methods of screening for agents which 
modulate Robo-Slit interactions. These methods generally involve forming a mixture of a 
Robo-expressing cell, a Slit polypeptide and a candidate agent, and determining the effect of 
the agent on the amount of Robo expressed by the cell. The methods are amenable to 
30 automated, cost-effective high throughput screening of chemical libraries for lead 

compoimds. Identified reagents find use in the pharmaceutical industries for animal and 
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human trials; for example, the reagents may be derivatized and rescreened in in vitro and in 
vivo assays to optimize activity and minimize toxicity for pharmaceutical development. Cell 
and animal based neural guidance/repulsion assays are described in detail in the experimental 
section below^. 

The amino acid sequences of the disclosed vertebrate Slit polypeptides are used to 
back-translate Slit polypeptide-encoding nucleic acids optimized for selected expression 
systems (Holler et al. (1993) Gene 136, 323-328; Martin et al. (1995) Gene 154, 150-166) or 
used to generate degenerate oligonucleotide primers and probes for use in the isolation of 
natural Slit-encoding nucleic acid sequences ("GCG" software, Genetics Computer Group, 
Inc, Madison WI). Slit-encoding nucleic acids used in Slit-expression vectors and 
incorporated into recombinant host cells, e.g. for expression and screening, transgenic 
animals, e.g. for functional studies such as the efficacy of candidate drugs for disease 
associated v^th Slit-modulated cell function, etc. 

The invention also provides nucleic acid hybridization probes and replication / 
amplification primers having a vertebrate Slit cDNA specific sequence comprising a fragment 
of a disclosed vertebrate cDNA sequence, and sufficient to effect specific hybridization 
thereto. Such primers or probes are at least 12, preferably at least 24, more preferably at least 
36 and most preferably at least 96 nucleotides in length. Demonstrating specific 
hybridization generally requires stringent conditions, for example, hybridizing in a buffer 
comprising 30% formamide in 5 x SSPE (0.18MNaCl, 0.01 M NaP04, pH7.7, 0.001 M 
EDTA) buffer at a temperature of 42°C and remaining bound when subject to washing at 
42°C v^th 0.2 x SSPE; preferably hybridizing in a buffer comprising 50% formamide in 5 x 
SSPE buffer at a temperature of 42°C and remaining bound when subject to washing at 42°C 
with 0.2 X SSPE buffer at 42°C. Slit nucleic acids can also be distinguished using alignment 
algorithms, such as BLASTX (Altschul et al (1990) Basic Local Alignment Search Tool, J 
Mol Biol 215, 403-410). In addition, the invention provides nucleic acids having a sequence 
about 60-70%, preferably about 70-80%, more preferably about 80-90%, more preferably 
about 90-95%, most preferably about 95-99% similar to a vertebrate Slit sequence disclosed 
herein as determined by Best Fit analysis using default settings and is other than a natural 
drosophila Slit sequence, preferably other than a natural invertebrate Slit sequence. In a 
particular embodiment, the Slit polynucleotide fi-agments comprise species specific 
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fragments; such fragments are readily discerned from alignments of the disclosed sequences. 

The subject nucleic acids are of synthetic/non-natural sequences and/or are 
recombinant, meaning they comprise a non-natural sequence or a natural sequence joined to 
nucleotide(s) other than that which it is joined to on a natural chromosome. The subject 
recombinant nucleic acids comprising the nucleotide sequence of disclosed vertebrate Slit 
nucleic acids, or fragments thereof, contain such sequence or fragment at a terminus, 
immediately flanked by (i.e, contiguous with) a sequence other than that which it is joined to 
on a natural chromosome, or flanked by a native flanking region fewer than 10 kb, preferably 
fewer than 2 kb, more preferably fewer than 500 bp, which is at a terminus or is immediately 
flanked by a sequence other than that which it is joined to on a natural chromosome. While 
the nucleic acids are usually RNA or DNA, it is often advantageous to use nucleic acids 
comprising other bases or nucleotide analogs to provide modified stability, etc. 

The subject nucleic acids find a wide variety of applications including use as 
translatable transcripts, hybridization probes, PGR primers, diagnostic nucleic acids, etc.; use 
in detecting the presence of Slit genes and gene transcripts and in detecting or amplifying 
nucleic acids encoding additional Slit homologs and structural analogs. In diagnosis. Slit 
hybridization probes find use in identifying wild-type and mutant Slit alleles in clinical and 
laboratory samples. Mutant alleles are used to generate allele-specific oligonucleotide (ASO) 
probes for high-throughput clmical diagnoses. In therapy, therapeutic Slit nucleic acids are 
used to modulate cellular expression or intracellular concentration or availability of active 
Slit. Exemplary humaii Slit-1 probes and primers are shown in Table 5 (A and B) and Table 
6. 

The following examplary assay is offered by way of illustration and not by way of 
limitation: 

EXAMPLES 

Protocol for Ligand Screening of Transfected COS cells. 
1. Prepare the Ligand 

Expression Construct: cDNAs encoding targeted Slit polypeptides are tagged with the 
Fc portion of human IgG and subcloned into a 293 expression vector (pCEP4: In Vitrogen). 

Transfection: 293 EBNA cells are transfected (CaP04 method) with the Slit 
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expression constructs. After 24 h recovery, transfected cells are selected with G41 8 
(geneticin, 250 ug/ml, Gibco) and hygromycin (200 ug/ml). Once the selection process is 
complete, cells are maintained in Dulbecco's Modified Eagles medium (DME)/10% PCS 
under selection. 

5 Preparation of Conditioned Medium: Serum-containing media is replaced with 

Optimem with glutamax-1 (Gibco) and 300 ng/ml heparin (Sigma), and the cells are 
conditioned for 3 days. The media is collected and spim at 3,000xg for 10 minutes. The 
supematant is filtered (0.45 um) and stored with 0.1% azide at 4°C for no more than 2 weeks. 
11. Prepare Truncated Receptor (Positive Control) 

10 Expression Construct: cDNA encoding a corresponding Robo C-terminal deletion 

mutant comprising the extracellular domain (truncated immediately N-terminal to the 
transmembrane region) is subcloned into a 293 expression vector (pCEP4: In Vitrogen). 

Transfection: 293 EBNA cells are transfected (CaP04 method) with the receptor 
mutant expression construct. After 24 h recovery, transfected cells are selected with G418 

15 (geneticin, 250 ug/ml, Gibco) and hygromycin (200 ug/ml). Once the selection process is 
complete, cells are maintained in Dulbecco's Modified Eagles medium (DME)/10% PCS 
under selection. 

Preparation of Conditioned Medium: Serum-containing media is replaced with 
Optimem with glutamax-1 (Gibco) and 300 ng/ml heparin (Sigma), and the cells are 
20 conditioned for 3 days. The media is collected and spim at 3,000xg for 10 minutes. The 

supematant is filtered (0.45 um) and stored with 0.1% azide at 4''C for no more than 2 weeks, 

II. Transfect COS Cells 

Seed COS cells (250,000) on 35 mm dishes in 2 ml DME/10% PCS. 
18-24 h later, dilute 1 ug of Robo-encodmg DNA (cDNA cloned into pMT21 
25 expression vector) into 200 ul serum-fi'ee media and add 6 ul of Lipofectamine (Gibco). 
Incubate this solution at room temperature for 15-45 min. 

Wash the cells 2X v^th PBS. Add 800 ul serum-free media to the tube containing the 
lipid-DNA complexes. Overlay this solution onto the washed cells. 

Incubate for 6 h. Stop the reaction by adding 1 ml DMA/20% PCS. Refeed cells. 
30 Assay cells 12 hr later. 

III. Ligand Binding Assay 
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Wash plates of transfected COS cells IX with cold PBS (plus Ca/Mg)/1% goat serum. 
Add 1 ml conditioned media neat and incubate 90 min at room temp. 

Wash plates 3X with PBS (plus Ca/Mg). On the 4th wash, add 1 ml 50% methanol to 
1 ml PBS. Then add 1 ml methanol. Evacuate and add 1 ml methanol. 

Wash IX with PBS. Wash IX PBS/1% goat serum. 

Add secondary antibody (l-to-2,000 anti-human Fc conjugated to alkaline 
phosphatase (Jackson Lab)) in PBS/1% goat serum. Incubate 30-40 min room temp. 

Wash 3X with PBS. Wash IX alkaline phosphatase buffer (100 mM Tris-Cl, pH 9.5, 
100 mM NaCl, 5 mM MgCy. Prepare alkaline phosphatase reagents: 4.5 ul/ml NBT and 3.5 
xil/ml BCIP (Gibco) in alkaline phosphatase buffer. 

Incubate 10-30 min, quench with 20 mM EDTA in PBS. Cells that have boxmd Slit 
polypeptides are visible by the presence of a dark purple reaction product. 

In parallel incubations, positive controls are provided by titrating Slit binding with 
serial dilutions of the mutant receptor conditioned medium. 
IV. Results: Binding of Slit to Robo 

Cell expressing mammalian Slit polypeptides were shown to bind Robo. No reactivity 
was observed with control COS cells or v^th receptor-expressmg COS cells in the presence of 
the secondary antibody but in the absence of the Slit-Fc fusion. Binding was observed to 
receptor-expression cells using a construct in which a Slit polypeptide is fused directly to 
alkaline phosphatase, for which a secondary antibody is not required. Receptor deletion 
mutants titrate the Slit-Robo binding, serving as a positive control for inhibition assays. 

Protocol for high throughput Robo-Slit binding assay. 
A, Reagents: 

- Neutralite Avidin : 20 ixg/ml in PBS. 

- Blocking buffer : 5% BSA, 0.5% Tween 20 in PBS; 1 hour at room temperature. 

- Assay Buffer : 100 mM KCl, 20 mM HEPES pH 7.6, 1 mM MgClj, 1% glycerol, 
0.5% NP-40, 50 mM (3-mercaptoethanol, 1 mg/ml BSA, cocktail of protease inhibitors. 

- "P Robo polypeptide lOx stock : 10"^ - 10*^M "cold" Robo polypeptide specific Robo 
domain supplemented with 200,000-250,000 cpm of labeled Robo (Beckman counter). Place 
in the 4''C microfiidge during screening. 
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- Protease inhibitor cocktail f lOOOX) : 10 mg Trypsin Inhibitor (BMB # 109894), 10 
mg Aprotinin (BMB # 236624), 25 mg Benzamidine (Sigma # B-6506), 25 mg Leupeptin 
(BMB # 1017128), lOmgAPMSF (BMB # 917575), and 2niM NaVOj (Sigma # S-6508) in 
10 ml of PBS. 

- Slit : 10-^ - 10-^M biotinylated Slit in PBS. 

B. Preparation of assay plates: 

- Coat with 120 |il of stock N-Avidin per well ovemight at 4°C. 

- Wash 2 times with 200 \il PBS. 

- Block with 150 |il of blocking buffer. 

- Wash 2 times with 200 ^il PBS. 

C. Assay: 

- Add 40 ixl assay buffer/well. 

- Add 10 |al compound or extract. 

- Add 10 III 33p-Robo (20-25,000 cpm/0.1-10 pmoles/well =10"^- 10"^ M final cone). 

- Shake at 25°C for 15 minutes, 

- Incubate additional 45 minutes at 25 °C. 

- Add 40 |iM biotinylated Slit (0.1-10 pmoles/40 ul in assay buffer) 

- Incubate 1 hoi:r at room temperatiure. 

- Stop the reaction by washing 4 times with 200 ^M PBS. 

- Add 150 jiM scintillation cocktail. 

- Count in Topcount. 

D. Controls for all assays (located on each plate): 

a. Non-specific binding 

b. Soluble (non-biotinylated Slit) at 80% inhibition. 

All publications and patent applications cited in this specification are herein 
incorporated by reference as if each individual publication or patent application were 
specifically and individually indicated to be incorporated by reference. Although the 
foregoing invention has been described in some detail by way of illustration and example for 
purposes of clarity of understanding, it vAll be readily apparent to those of ordinary skill in 
the art in light of the teachings of this invention that certain changes and modifications may 
be made thereto without departing from the spirit or scope of the appended claims. 
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WHAT IS CLAIMED IS: 

1. A method of identifying agents which modulate the interaction of Robo and a Robo 
ligand, said method comprising the steps of: 

combining a Robo polypeptide, a Slit polypeptide and a candidate agent imder 
5 conditions whereby, but for the presence of the agent, the Robo and Slit polypeptides engage 
in a first interaction, wherein the Slit polypeptide specifically binds, activates or inhibits the 
activation of the Robo polypeptide and 

determining a second interaction of the Robo and Slit polypeptides in the presence of 
the agent, 

10 wherein a difference between the first and second interactions indicates that the aget 

modulates the interaction of the Robo and Slit polypeptides. 

O 2, A method of modulating the interaction of Robo and a Robo ligand, said method 

IS comprising the step of 

p:ll5 combining a Robo polypeptide, a Slit polypeptide and a modulator xmder conditions 

whereby, but for the presence of the modulator, the Robo and Slit polypeptides engage in a 
lin first interaction, wherein the Slit polypeptide specifically bmds, activates or inhibits the 

j;., activation of the Robo polypeptide and 

whereby the Robo and Slit polypeptides engage in a second interaction different from 
|z=20 the first interaction. 

3. A method according to claim 2, wherein the modulator is a dominant negative form of 
the Robo or Slit polypeptide. 

25 4. An isolated Slit polypeptide comprising a vertebrate species-specific Slit fragment. 

5. An isolated vertebrate Slit polypeptide according to claim 4, wherein said vertebrate is 
human, mouse or rat. 

30 6. A recombinant nucleic acid encoding a vertebrate Slit polypeptide according to claim 
4. 
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7. A recombinant Slit nucleic acid comprising a strand of SEQ ID NO:01, or a fragment 
thereof having at least 24 consecutive nucleotides thereof, and sufficient to specifically 
hybridize with a polynucleotide having the sequence defined by the corresponding opposite 
strand of SEQ ID NO:01, and is other than a natural drosophila Slit sequence. 
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ABSTRACT OF THE DISCLOSURE 
Disclosed are methods and compositions for identifying agents which modulate the 
interaction of Robo and a Robo ligand and for modulating the interaction of Robo and a Robo 
ligand. The methods for identifying Robo: ligand modulators find particular application in 
5 commercial drug screens. These methods generally comprise (1) combining a Robo 

polypeptide, a Slit polypeptide and a candidate agent under conditions whereby, but for the 
presence of the agent, the Robo and Slit polypeptides engage in a first interaction, and (2) 
determining a second interaction of the Robo and Slit polypeptides in the presence of the 
agent, wherein a difference between the first and second interactions indicates that the aget 

10 modulates the interaction of the Robo and Slit polypeptides. The subject methods of 
modulating the interaction of Robo and a Robo ligand involve combining a Robo 
polypeptide, a Slit polypeptide and a modulator under conditions whereby, but for the 
presence of the modulator, the Robo and Slit polypeptides engage in a first interaction, 
whereby the Robo and Slit polypeptides engage in a second interaction different firom the first 

1 5 interaction. In a particular embodiment, the modulator is dominant negative form of the 
Robo or Slit polypeptide. 
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Table 1. 

Alignment of human Slit-1 (SEQ ID NO:02), human Slit-2 (SEQ ID NOS:03-06), Drosophila 
Slit-1 (SEQ ID NO:07), C. elegans Slit-1 (SEQ ID NOS:08-09), mouse SUt-2 (SEQ ID NOS: 10- 
11) and mouse Slit-1 (SEQ ID NOS:12-14). 
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Sequence of Htoian Slit-1 Sf^^ »c> .-i^: 

DNA sequence and predicted protein product!f Base pair and amino acid 

number are indicated on the right hand side. 

ATGCGCGGCGTTGGCTGGCAGATGCTGTCCCTGTCGCTGGGGTTAGTGCTGGCGATCCTGAACAAGGTGGCACCG 75 

MRGVGWQMLSLSLGLVLAILNKVAP 25 

CAGGCGTGCCCGGCGCAGTGCTCTTGCTCGGGCAGCACAGTGGACTGTCACGGGCTGGCGCTGCGCAGCGTGCCC 150 

QACPAQCSCSGSTVDCHGLALRSVP 50 

AGGAATATCCCCCGCAACACCGAGAGACTGGATTTAAATGGAAATAACATCACAAGAATTACGAAGACAGATTTT 225 

RNIPRNTERLDLNGNNITRITKTDF 75 

GCTGGTCTTAGACATCTAAGAGTTCTTCAGCTTATGGAGAATAAGATTAGCACCATTGAAAGAGGAGCATTCCAG 300 

AGLRHLRVLQLMEKKISTIERGAFQ 100 

GATCTTAAAGAACTAGAGAGACTGCGTTTAAACAGAAATCACCTTCAGCTGTTTCCTGAGTTGCTGTTTCTTGGG 375 

DLKELERLRLNRNHLQLFPELLFLG 125 

ACTGCGAAGCTATACAGGCTTGATCTCAGTGAAAACCAAATTCAGGCAATCCCAAGGAAAGCTTTCCGTGGGGCA 450 

TAKLYRLDLSENQIQAIPRKAFRGA 150 

GTTGACATAAAAAATTTGCAACTGGATTACAACCAGATCAGCTGTATTGAAGATGGGGCATTCAGGGCTCTCCGG 525 

VDIKNLQLDYNQISCIEDGAFRALR 175 

GACCTGGAAGTGCTCACTCTCAACAATAACAACATTACTAGACTTTCTGTGGCAAGmCAACCATATGCCT 600 

DLEVLTLNNNNITRLSVASFNHMPK 200 

CTTAGGACTTTTCGACTGCATTCAAACAACCTGTATTGTGACTGCCACCTGGCCTGGCTCTCCGACTGGCTTCGC 675 

LRTFRLHSNNLYCDCHLAWLSDWLR 225 

AAAAGGCCTCGGGTTGGTCTGTACACTCAGTGTATGGGCCCCTCCCACCTGAGAGGCCATAATGTAGCCGAGGTT 750 

KRPRVGLYTQCMGPSHLRGHNVAEV 250 

CAAAAACGAGAATTTGTCTGCAGTGATGAGGAAGAAGGTCACCAGTCATTTATGGCTCCrrCTTGTAGTGTTTTG 825 

QKREFVCSDEEEGHQSFMAPSCSVL 275 

CACTGCCCTGCCGCCTGTACCTGTAGCAACAATATCGTAGACTGTCGTGGGAAAGGTCTCACTGAGATCCCCACA 900 

HCPAACTCSNNIVDCRGKGLTEIPT 300 

AATCTTCCAGAGACCATCACAGAAATACGTTTGGAACAGAACACAATCAAAGTCATCCCTCCTGGAGCTTTCTCA 975 

NLPETITEIRLEQNTIKVIPPGAFS 325 

CCATATAAAAAGCTTAGACGAATTGACCTGAGCAATAATCAGATCTCTGAACTTGCACCAGATGCTTTCCAAGGA 1050 

PYKKLRRIDLSNNQISELAPDAFQG 350 

CTACGCTCTCTGAATTCACTTGTCCTCTATGGAAATAAAATCACAGAACTCCCCAAAAGTTTATTTGAAGGACTG 1125 

LRSLNSLVLYGNKITELPKSLFEGL 375 

TTTTCCTTACAGCTCCTATTATTGAATGCCAACAAGATAAACTGCCTTCGGGTAGATGCTTTTCAGGATCTCCAC 1200 

FSLQLLLLNANKINCLRVDAFQDLH 400 

AACTTGAACCTTCTCTCCCTATATGACAACAAGCTTCAGACCATCGCCAAGGGGACCTTTTCACCTCTTCGGGCC 1275 

NLNLLSLYDNKLQTIAKGTFSPLRA 425 

ATTCAAACTATGCATTTGGCCCAGAACCCCTTTATTTGTGACTGCCATCTCAAGTGGCTAGCGGATTATCTCCAT 1350 

IQTMHLAQNPFICDCHLKWLADYLH 450 

ACCAACCCGATTGAGACCAGTGGTGCCCGTTGCACCAGCCCCCGCCGCCTGGCAAACAAAAGAATTGGACAGATC 1425 

TNPIETSGARCTSPRRLANKRIGQI 475 

AAAAGCAAGAAATTCCGTTGTTCAGGTACAGAAGATTATCGATCAAAATTAAGTGGAGACTGCTTTGCGGATCTG 1500 

KSKKFRCSGTEDYRSKLSGDCFADL 500 



GCTTGCCCTGAAAAGTGTCGCTGTGAAGGAACCACAGTAGATTGCTCTAATCAAAAGCTCAACAAAATCCCGGAG 1575 

ACPEKCRCEGTTVDCSNQKLNKIPE 525 

CACATTCCCCAGTACACTGCAGAGTTGCGTCTCAATAATAATGAATTTACCGTGTTGGAAGCCACAGGAATCTTT 1650 

HIPQYTAELRLNNNEFTVLEATGIF 550 

AAGAAACTTCCTCAATTACGTAAAATAAACTTTAGCAACAATAAGATCACAGATATTGAGGAGGGAGCATTTGAA 1725 

KKLPQLRKINFSNNKITDIEEGAFE 575 

GGAGCATCTGGTGTAAATGAAATACTTCTTACGAGTAATCGTTTGGAAAATGTGCAGCATAAGATGTTCAAGGGA 1800 

GASGVNEILLTSNRLENVQHKMFKG 600 

TTGGAAAGCCTCAAAACTTTGATGTTGAGAAGCAATCGAATAACCTGTGTGGGGAATGACAGTTTCATAGGAC 1875 

LESLKTLMLRSNRITCVGNDSFIGL 625 

AGTTCTGTGCGTTTGCTTTCTTTGTATGATAATCAAATTACTACAGTTGCAC^^ 1950 

SSVRLLSLYDNQJTTVAPGAFDTLH 650 

TCTTTATCTACTCTAAACCTCTTGGCCAATCCTTTTAACTGTAACTGCTACCTGGCTTGGTTGGGAGAOT^ 2025 

SLSTLNLLANPFNCNCYLAWLGEWL 675 

AGAAAGAAGAGAATTGTCACGGGAAATCCTAGATGTCAAAAACCATACTTCCTGAAAGAAATACCCATCCAGGAT 2100 

RKKRIVTGNPRCQKPYFLKEIPIQD 700 

GTGGCCATTCAGGACTTCACTTGTGATGACGGAAATGATGACAATAGTTGCTCCCCACTCT 2175 

VAIQDFTCDDGNDDNSCSPLSRCPT 725 

GAATGTACTTGCTTGGATACAGTCGTCCGATGTAGCAACAAGGGTTTGAAGGTCTTGCCGA?^ 2250 

ECTCLDTVVRCSNKGLKVLPKGIPR 750 

GATGTCACAGAGTTGTATCTGGATGGAAACCAATTTACACTGGTTCCCAAGGAACTCTCCA^^ 2325 

DVTELYLDGNQFTLVPKELSNYKHL 775 

ACACTTATAGACTTAAGTAACAACAGAATAAGCACGCTTTCTAATCAGAGCTTCAGCAACATGACCCAGCTCCTC 2400 

TLIDLSNNRISTLSNQSFSNMTQLL 800 

ACCTTAATTCTTAGTTACAACCGTCTGAGATGTATTCCTCCTCGCACCTTTGATGGATTAAAGTCTC 2475 

TLILSYNRLRCIPPRTFDGLKSLRL 825 

CTTTCTCTACATGGAAATGACATTTCTGTTGTGCCTGAAGGTGCTTTCAATGATCTOT^ 2550 

LSLHGNDISVVPEGAFNDLSALSHL 850 

GCAATTGGAGCCAACCCTCTTTACTGTGATTGTAACATGCAGTGGTTATCCGACTGGGTGAAGTCGGAAT^^ 2625 

AIGANPLYCDCNMQWLSDWVKSEYK 875 

GAGCCTGGAATTGCTCGTTGTGCTGGTCCTGGAGAAATGGCAGATAAACTTTTACTCACAACTCCCTC 2700 

EPGIARCAGPGEMADKLLLTTPSKK 900 

TTTACCTGTCAAGGTCCTGTGGATGTCAATATTCTAGCTAAGTGTAACCCCTGCCTATCAAATCCGTGTAAAAAT 2775 

FTCQGPVDVNILAKCNPCLSNPCKN 925 

GATGGCACATGTAATAGTGATCCAGTTGACTTTTACCGATGCACCTGTCCATATGGTTTCAAGGGGCAGGACTGT 2850 

DGTCNSDPVDFYRCTCPYGFKGQDC 950 

GATGTCCCAATTCATGCCTGCATCAGTAACCCATGTAAACATGGAGGAACTTGCCACTTAAAGGAAGGAGAAGA^ 2925 

DVPIHACISNPCKHGGTCHLKEGEE 975 

GATGGATTCTGGTGTATTTGTGCTGATGGATTTGAAGGAGAAAATTGTGAAGTCAACGTTGATGATTGTGAAGAT 3000 

DGFWCICADGFEGENCEVNVDDCED 1000 

AATGACTGTGAAAATAATTCTACATGTGTCGATGGCATTAATAACTAC ACATGCCTTTGCCCACCTGAGTATACA 3075 

NDCENNSTCVDGINNYTCLCPPEYT 1025 



GGTGAGTTGTGTGAGGAGAAGCTGGACTTCTGTGCCCAGGACCTGAACCCCTGCCAGCACGATTCAAAGTGCATC 3150 

GELCEEKLDFCAQDLNPCQHDSKCI 1050 

CTAACTCCAAAGGGATTCAAATGTGACTGCACACCAGGGTACGTAGGTGAACACTGCGACATCGATTTTGACGAC 3225 

LTPKGFKCDCTPGYVGEHCDIDFDD 1075 

TGCCAAGACAACAAGTGTAAAAACGGAGCCCACTGCACAGATGCAGTGAACGGCTATACGTGCATATGCCCCGAA 3300 

CQDNKCKNGAHCTDAVNGYTCICPE 1100 

GGTTACAGTGGCTTGTTCTGTGAGTTTTCTCCACCCATGGTCCTCCCTCGTACCAGCCCCTGTGATAATTTTGAT 3375 

GYSGLFCEFSPPMVLPRTSPCDNFD 1125 

TGTCAGAATGGAGCTCAGTGTATCGTCAGAATAAATGAGCCAATATGTCAGTGTTTGCCTGGCTATCAGGGAGAA 3450 

CQNGAQCIVRINEPICQCLPGYQGE 1150 

AAGTGTGAAAAATTGGTTAGTGTGAATTTTATAAACAAAGAGTCTTATCTTCAGATTCCTTCAGCCAAGGTTCGG 2525 

KCEKLVSVNFINKESYLQIPSAKVR 1175 

CCTCAGACGAACATAACACTTCAGATTGCCACAGATGAAGACAGCGGAATCCTCCTGTATAAGGGTGACAAAGAC 3600 

PQTNITLQIATDEDSGILLYKGDKD 1200 

CATATCGCGGTAGAACTCTATCGGGGGCGTGTTCGTGCCAGCTATGACACCGGCTCTCATCCAGCTTCTGCC ATT 3675 

HIAVELYRGRVRASYDTGSHPASAI 1225 

TACAGTGTGGAGACAATCAATGATGGAAACTTCCACATTGTGGAACTACTTGCCTTGGATCAGAGTCTCTCTTTG 3750 

YSVETINDGNFHIVELLALDQSLSL 1250 

TCCGTGGATGGTGGGAACCCCAAAATCATCACTAACTTGTCAAAGCAGTCCACTCTGAATTTTGACTCTCCACTC 3825 

SVDGGNPKIITNLSKQSTLNFDSPL 1275 

TATGTAGGAGGCATGCCAGGGAAGAGTAACGTGGCATCTCTGCGCCAGGCCCCTGGGCAGAACGGAACCAGCTTC 3900 

YVGGMPGKSNVASLRQAPGQNGTS.F 1300 

CACGGCTGCATCCGGAACCTTTACATCAACAGTGAGCTGCAGGACTTCCAGAAGGTGCCGATGCAAACAGGCATT 3975 

HGCIRNLYINSELQDFQKVPMQTGI 1325 

TTGCCTGGCTGTGAGCCATGCCACAAGAAGGTGTGTGCCCATGGCACATGCCAGCCCAGCAGCCAGGCAGGCTTC 4050 

LPGCEPCHKKVCAHGTCQPSSQAGF 1350 

ACCTGCGAGTGCCAGGAAGGATGGATGGGGCCCCTCTGTGACCAACGGACCAATGACCCTTGCCTTGGAAATAAA 4125 

TCECQEGWMGPLCDQRTNDPCLGNK 1375 

TGCGTACATGGCACCTGCTTGCCCATCAATGCGTTCTCCTACAGCTGTAAGTGCTTGGAGGGCCATGGAGGTGTC 4200 

CVHGTCLPINAFSYSCKCLEGHGGV 1400 

CTCTGTGATGAAGAGGAGGATCTGTTTAACCCATGCCAGGCGATCAAGTGCAAGCATGGGAAGTGCAGGCTTTCA 4275 

LCDEEEDLFNPCQAIKCKHGKCRLS 1425 

GGTCTGGGGCAGCCCTACTGTGAATGCAGCAGTGGATACACGGGGGACAGCTGTGATCGAGAAATCTCTTGTCGA 4350 

GLGQPYCECSSGYTGDSCDREISCR 1450 

GGGGAAAGGATAAGAGATTATTACCAAAAGCAGCAGGGCTATGCTGCTTGCCAAACAACCAAGAAGGTGTCCCGA 4425 

GERIRDYYQKQQGYAACQTTKKVSR 1475 

TTAGAGTGCAGAGGTGGGTGTGCAGGAGGGC AGTGCTGTGGACCGCTGAGGAGCAAGCGGCGGAAATACTCTTTC 4500 

LECRGGCAGGQCCGPLRSKRRKYSF 1500 

GAATGCACTGACGGCTCCTCCTTTGTGGACGAGGTTGAGAAAGTGGTGAAGTGCGGCTGTACGAGGTGTGTGTCC 4575 

ECTDGSSFVDEVEKVVKCGCTRCVS 1525 



Features of Human Slit-l predicted protein 
Co-ordinates refer to amino acid number. 



Signal sequence: 7-24 

First amino-flanking sequence: 28-59 

First set of Leucine Rich Repeats: 60-179 

First carboxy-flanking sequence: 180-276 

Second amino-flanking sequence: 277-308 

Second set of Leucine Rich Repeats: 309-434 

Second carboxy-flanking sequence: 435-501 

Third amino-flanking sequence: 502-533 

Third set of Leucine Rich Repeats: 534-660 

Third carboxy-flanking sequence: 661-722 

Fourth amino-flanking sequence: 723-754 

Fourth set of Leucine Rich Repeats: 755-855 

Fourth carboxy-flanking sequence: 856-917 

First EGF repeat: 918-952 

Second EGF repeat: 953-993 

Third EGF repeat: 994-1031 

Fourth EGF repeat: 1032-1071 

Fifth EGF repeat 1072-1109 

Spacer: 1110-1116 

Sbcth EGF repeat 1117-1154 

"99aa spacer": 1155-1329 

Seventh EGF repeat 1330-1366 

Eighth EGF repeat: 1367-1404 

Nineth EGF repeat 1405-1447 

Cysteine knot motif: 1448-1525 



(6 repeats) 
(5 repeats) 
(5 repeats) 
(4 repeats) 



Leucine rich repeats (LRRs) are predicted by comparison with known proteins 
and by the presence of the core sequence: xxxFxxLxxLxxLxLxxNxIxxL, where x 
is any amino acid- In slit proteins, the LRRs are flanked by conserved 
sequences referred to as the amino- and carboxy- flanking regions. These 
flanking regions are found in other known proteins, but only in a few 
instances are both the amino- and carboxy- flank regions present in a single 
protein. The amino flank region is defined by the consensus: CPxxCxC[l- 
6x]GxxVDCxxxGL[2-4x]aPxxaPxdttx where x is any amino acid, [x] represents a 
variable number of amino acids and a is a hydrophobic residue. Lower case 
indicates a residue is not highly conserved at a particular position. The 
carboxy flank region is defined by the consensus: P6xC'yCxa[l-5x]Wa[14- 
26x]RCxxPxxxxxxxaxxaxxxxF[l-3x]Cs[3-17x] where C is W or a hydrophobic 
residue, y is D or N and a is a hydrophobic residue. 

Epidermal growth factor (EGF) repeats are predicted by the consensus: 
CxxxxCxngxC[6-9x]axCxCxxGotxGxxCxxxxxx. 



The so called "99aa spacer" is actually amino acids in the Drosophila 
protein and 174 amino acids in Human Slit-1. This region shows homology to 
the G-loops of laminin A chains. 

Cysteine knots are dimerisation domains defined by the presence of six 
cysteine residues between which disulphide bridges form. The only absolutely 
conserved residues are the six cysteines, and spacing between them is highly 
variable, apart from between cysteines 2 and 3, and 5 and 6: C[x]C[l- 
3x]GxC[x]C[x]CxC- The glycine between cysteines 2 and 3 is only present in a 
subset of cysteine knots. Drosophila slit and Human slit-1 both have an extra 
cysteine after cysteines 5 and 6: this may serve as an intermolecular bond. 
Human Slit-1 gene displays the overall structure of the Drosophila gene, and 
amino acid conservation is found along the entire length of the protein (48% 
homology at the amino acid sequence excluding the signal sequence; see 
below). The Human gene has an extra LRR between LRR2 and LRR3 of the 
first set of LRRs; in the third set, the Human gene has an extra LRR between 
LRR3 and LRR4. The Human gene has two extra EGF repeats, on either side 
of the seventh EGF repeat in Drosophila slit. 

Isolation of Human slit-l 

Searching of the EST database revealed an EST, abl6gl0.rl, with homology to 
the 99aa spacer region of Drosophila slit. This EST was used to probe a 
Human fetal brain library (Stratagene), and clones for Human slit-1 were 
isolated. 



Amino acid identity between Drosophila Slit and Human Slit-1 

First amino-flanking sequence: 53% 

First set of Leucine Rich Repeats: 52% (54%, 67%, NA, 38%, 54%, 50%) 

First carboxy-flanking sequence: 42% 

Second amino-flanking sequence: 50% 

Second set of Leucine Rich Repeats: 60% (54%, 58%, 67%, 71%, 50%) 

Second carboxy-flanking sequence: 62% 

Third amino-flanking sequence: 56% 

Third set of Leucine Rich Repeats: 49% (46%, 46%, 42%, NA, 58%) 

Third carboxy-flanking sequence: 36% 

Fourth amino-flanking sequence: 53% 

Fourth set of Leucine Rich Repeats: 48% (25%, 58%, 46%, 63%) 

Fourth carboxy-flanking sequence: 63% 

First EGF repeat: 34% 

Second EGF repeat. 46% 

Third EGF repeat: 46% 

Fourth EGF repeat: 35% 

Fifth EGF repeat 47% 

Spacer: 22% 

Sbcth EGF repeat 40% 

"99aa spacer": 38% 

Seventh EGF repeat 11%/NA 

Eighth EGF repeat 44% 

Nineth EGF repeat 29% /NA 

Cysteine knot motif: 34% 



NA: not applicable due to absence of homologous repeat 
Figures for individual LRRs are shown in brackets. 



Alignment of 



Slit sequences 



A A P S R T T L M P P P F RraQmRm-nimp 

Irgvgwq - - — — - mHsHsHgHvHaI 



iLLLRHDAVHAEPY 



D-Slit 
H-Slitl 



40 SGGFGSSAVSSGGLGSVGIHIPGGGVGVITEAR 
21 ----NKVAPQa] 



c 


p 






c 


s 


c 


c 


p 






c 




c 



D-Slit 
H-Slitl 



80 
35 



2:16 

lis 



G 


L 


N 


V 


D 


C 


s 


H 


R 


G 


L 


T 


S V 


P R 


K 


I 


S 


A 


D 


V 


E 


R 


L 


E 


L 


G 




T 1 


V 


D 


c 


H 


G 


L 


A 


L 




S V 


P R 


N 


I 




R 


N 


T 


E 


R 


L 




L 



G N NMT 
G N nHt 



vray El 

RUT K 





D-Slit 
H-Slitl 

D-Slit 

H-Slitl 

M-Slitl 

D-Slit 

H-Slitl 

M-Slitl 

D-Slit 

H-Slitl 

M-Slitl 



L S 


R 


F 


L 


R 


S 


A 


T 


R 


r 


A 


P 


Y T 


D-Slit 


L S 




W 


L 


R 


K 


R 




R 


V 


G 




Y T 


H-Slitl 



M-Slitl 



2^5 



372 
354 
76 



R 


c 


Q 


S 


P S 


qH 


Ik 


G 


Q 


M V 


A 


p L H D Q 


E F 


K 


C 


s 


G 


L 


T 


E 




H 


A 


P 


M 


E 


C 


G 


A 


D-Slit 


Q 


c 


M 


G 


P s 


hH 


|h 


G 


H 


N V 


A 


E V Q K R 


E F 


V 


c 




b 


E 


E 


E 


G 


H 


Q 


s 


F M A P 


s 


c 


s 


V 


H-Slitl 







Ml 


E N 


275 

P 


L H 




Rf 


M4 










D-Slit 

H-Slitl 

H-Slit2 

D-Slit 

H-Slitl 

H-Slit2 



I 


S 


c 


I 


R 


K 


D-Slit 


T 


|n| 


c 




R 


V 


H-Slitl 



H-Slit2 



1 

412 
394 



42 

492 

474 



D 


A 


F 


R 


D 


L 


H 


S 




L L 


S 


L 


Y 


D N 


N 


I 


Q 


s 


L 


A 


N 


G 


T 


F 


p 


A 


M 


K 


S 


M 


K 


T 


V 


H 


L 


A 


D 


A 


F 


Q 


D 


L 


H 


N; 




L L 


S 


L 


Y 


D N 


K 




0 


T 


I 


A 


k 


G 


T 


F 


s 


P 


L 


R 


A 


I 


Q 


T 


M 


H 


L 


A 




R 

Ik 

\q 



R k Bk f a 

M H R^ 




sn 


C 


p 


T 


Q 


C 


p 


Sd 


C 


p 


A 


M 


c 


H 


L A 


c 


p 


H 


K 


c 


R 




CE-Slit 
D-Slit- 
H-Slitl 

CE-Slit 



R I 


E 


D-Slit 


R I 


G 


H-Slitl 



CE-Slit 

D-Slit 

H-Slitl 



82 

531 

514 

122 
571 
554 
1 

611 
594 
24 

626 
633 
64 

665 
672 
104 

1 

% 

3^4 

^52 

& 

J^4 
ftl 

%6 
864 
871 

176 
904 
911 

216 
944 
951 

254 
982 
991 




11 D I S 




N 


A 


I 


c 


£ 


T 


T 


S 


s 


R 


K 


Y 


T 


C 


N 


C 


qI 


A 


\q\ 


c 


V 


A 


l| 


P 


|qI 


R 


|e 


Y 


Q 


C 


L 


c 


D 


G 


t| 


c 


In 


S 


1^1 


P 


V 


D 




Y 




C 


T 


c 




G F E G 



G F E G 



CE-Slit 

D-Slit 

H-Slitl 

CE-Slit 
D-Slit 
H-Slitl 
H-Slit2 

D-Slit 

H-Slitl 

H-Slit2 

D-Slit 

H-Slitl 

H-Slit2 

D-Slit 

H-Slitl 

H-Slit2 

CE-Slit 

D-Slit 

H-Slitl 

CE-Slit 

D-Slit 

H-Slitl 

CE-Slit 

D-Slit 

H-Slitl 

CE-Slit 

D-Slit 

H-Slitl 



p 


N 


T 


V s 




T H 


Q 


P 


Y 


Q 


F T 


C 


b s 


K 


V 


p 


T 


K 


CE-Slit 


p 


E 


Q 




D K L Hl 




P 


S 


Is 


s 




c 




|r 


V 


R 


N 


D 


D-Slit 


p 








D K L L L 


T T 


P 


S 


W 




F T 


c 






V 




V 


N 


H-Slitl 



lvrfcseelknfqsfqI 



CE-Slit 

D-Slit 

H-Slitl 

CE-Slit 

D-Slit 

H-Slitl 

CE-Slit 

D-Slit 

H-Slitl 





D 


G 


L 


P 


H 


R 


I 


s 


I 


R 


T 


S E R 


K 


C 


F 


D 


G 


K 


Y 


H 


a| 


V 


E 


L 


L 


A 


[l K K 


N 


F 


T 


D 


G 


|n 


F 


H 




V 


E 


L 


L 


A 


L D Q 


S 


L 


S 



529 


L 


Q I 


1246 


L 




1250 1 


L 




1 







IK N P V Q 

IrHl a r 
IgHn p k 




G 




D 


Q 


L 


^Qk 


G 


K 


G 




D 




L 






T 


s 


Hq 


S 


T 


L 


- - N 


F 


D 





609 


s 


C 


























B 


|a 


T 


1324 1 


G 


C 




li 






- L 


E 


G 


E 


Q 


Q E E 


E 


D 


D 


E 


1328 


G 


C 


E 


P 


C 


H K 


K V 


C 


A 


H 


G 


T 


G Q 


P 


S 


S 


Q 


46 j 


G 


c 


E 


P 


C 


H K 


K V 


C 


A 


H 


G 


C 


C O 


P 


S 


S 


0 




H I K E E P 



EGWMGPLCDQRT 
EGVJMGPLCDORT 



CE-Slit 
D-Slit 
H-Slitl 
M-Slit2 

CE-Slit 

D-Slit 

H-Slitl 

M-Slitl 

H-Slit2 

M-Slit2 

CE-Slit 

D-Slit 

H-Slitl 

M-Slitl 

H-Slit2 

M-Slit2 

CE-Slit 

D-Slit 

H-Slitl 

M-Slitl 

H-Slit2 

M-Slit2 

CE-Slit 

D-Slit 

H-Slitl 

M-Slitl 

H-Slit2 

M-Slit2 

CE-Slit 
D-Slit 
H-Slitl 
H-Slit2 

CE-Slit 
D-Slit 
H-Slitl 
M-Slitl 

CE-Slit 
D-Slit 
H-Slitl 
M-Slitl 

CE-Slit 
D-Slit 
H-Slitl 
M-Slitl 




CE-Sli:: 
D-Siit 
H-Slitl 
M-Slic: 

CE-Siic 

D-SLit 

H-SlLci 

M-Siitl 

H-Slit:2 

M-Slit2 

CE-Siit 

D-Siit 

H-Siitl 

M-Siicl 

H-Siit:2 

M-Siit:2 

CE-Slit 

D-Slit 

H-Slitl 

M-Slitl 

H-Sllt2 

M-Slit2 



^p29 1 


K 


S 


V 


lHh k 


CE-Slit 


Si 4 77 1 




Ik| 




[y 


D-Slit 


^^^1523 






c 


vH 


H-Siitl 










aH 


M-Slitl 


Ul02 






c 




H-Slit2 


Wl09 






c 




M-Slit2 



Alignment of Drosophila Slit and Hxxman Slit-1 

1 HaAPSRTTLMPPPFrHqHrW-HiHp B— I. LLRHDAVHAEPY 

1 Hrgvgwq mB^B^ BgBvBa] 

40 SGGFGSSAVSSGGLGSVGIHIPGGGVGVITEA Rn3R V| 

21 -NKVAPQ aBB^ qI 

80 tB^ n^^Hs h r gB^^^BB^B^ ^ ^ vj^^H eBq BBB^ B^B^ ^1 

35 sB^ tIEBBh g l aHr^^B^|n B |p ^ N tBBWdHIm I^^H t HrHt k| 

B^ hB^ k|^^m^^Ht dBqB^^D^B^ s qbqb^ s^^^^h 

75 Ba gB^ hBBvBI^Bm eB^Bs^^BEIg A mBBi y e MBH r L N R N H 

154 B^B^B^B'^ ^ gB^ vB^^B^ SLR 

115 lqlfpellfXiGTAKLYr lB^B^BqBq a ^ pBi^ aHr WM v D I k 

176 S^^^^RnQBB'^B^ ^ ^ H^B^ gB^ E^Hi ^^^^^^^Hl B^ B ^ H N I 

155 nIBMBHv|B^B^H'^ ^ ^ g^B^ aB^ d^BIv H^B^^^^H i HrHIs V a s 

216 B^ G L G rBQa L^Hs dB^ ^ A^QB^Bjs^^gR F Ha S A TSL A P| 

195 B^ HHP kQB^ fBBh sB^ L y BKB^B Ia MBI d w HBI k R pBv G l| 

156 rHq sI^qHkHqRQHd L H D qBB^^B^ ^ tB^B^ ^ ^ eB^ A 

fps qB^ gBBhB^Bh^^HIk V q k r^BIvBB^ s eB^Bq s f m a p sBs V 

§32 E N S^Rh pB^B^ ^ G^^^^^B^ B^BB^ vB^ T^Hd D tB^ v| 

ii5 L H -BBa aB^Bs n nBBII^^BgBg^BIh I B^ n BH e t iBh x| 

§32 B^B^ ^ liBB^ sBBs F R R^^Q^^^B^^D^BB^ xB^BB^^ sBB^^ q 

314 B'^B^ V xI^Bg a^Qp y K k IBBWBW^^B o HI e lB^BB^ o BBI r s 

ip Bt t b^^^BII^^B dBB[s g vB^^Hg ^HrI^^^^^^Ke b^B-^ B^ 

^2 ^^Hr^^QsB^BBH^^^^S^ X B^ IiB^^^B^ a m k s m kB^I^EB^ 

^^^^^^^HnB^^^^^^^^B^|S^^^^^^^^^BB^ BB^B^ ^ ^ r^He 

492 S L R E eHHkBH- W G E lHhBB^B^B^ mB^ D^Ha hB^ | 

474 Q I K S K^Qr^Qg TED yB^BB^Bi^Bf aB^ a BH e kBh| 

531 ^Ht g r rB^ e^Hr d^Hl hB*^ ^Dx'^Q^ g r I s s dQlBg r| 

514 BBs N Q kB^ kBBe hbBIq yB^^H^BBIn^Bf t V l e a tBxB^ 

571 B^B^B^ ELK rB^ lB^^B^ n|^^B^E|^^ ^ QSL QQG E QK X K E I 

554 BqB^B^ NFS nB^ xB^^Be G BBH^^B^ V ^Bx lB^ S B^ L E N V 

611 s nRhb^^Qh Q^^^H nB 

594 Q H^BQkBBe S BBBBI^ LRSNRITCVGNDSFXGLSSVRLLsB 

^^^^^Bs cB^^QsB^ hB^^Ht s^^^Ha s^^^^^BII^B^ BBB^ ^B 
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Hybridisation Probes for regions of Human Slit-1 
Hybridisation Probe for the first Leucine rich repeat region 

TGCCCGGCGCAGTGCTCTTGCTCGGGCAGCACAGTGGACTGTCACGGGCTGGCGCTGCGCAGCGTGCCCAGGAAT 75 

ATCCCCCGCAACACCGAGAGACTGGATTTAAATGGAAATAACATCACAAGAATTACGAAGACAGATTTTGCTGGT 150 

CTTAGACATCTAAGAGTTCTTCAGCTTATGGAGAATAAGATTAGCACCATTGAAAGAGGAGCATTCCAGG^ 225 J>p^ 

AAAGAACTAGAGAGACTGCGTTTAAACAGAAATCACCTTCAGCTGTTTCCTGAGTTGCTGTTTCTTGGGACTGCG 300 

AAGCTATACAGGCTTGATCTCAGTGAAAACCAAATTCAGGCAATCCCAAGGAAAGCTTTCCGTGGGGCAGTTGAC 375 

ATAAAAAATTTGCAACTGGATTACAACCAGATCAGCTGTATTGAAGATGGGGCATTCAGGGCTCTCCGGGACCTG 4 50 

GAAGTGCTCACTCTCAACAATAACAACATTACTAGACTTTCTGTGGCAAGTTTCAACCATATGCCTAAACTTAGG 525 

ACTTTTCGACTGCATTCAAACAACCTGTATTGTGACTGCCACCTGGCCTGGCTCTCCGACTGGCTTCGCAAAA^ 600 

CCTCGGGTTGGTCTGTACACTCAGTGTATGGGCCCCTCCCACCTGAGAGGCCATAATGTAGCCGAGGTTCAAAAA 675 

CGAGAATTTGTCTGCAGTGATGAGGAAGAAGGTCACCAGTCATTTATGGCTCCTTCTTGTAGTGTTTTGCAC 747 

Hybridisation Probe for the second Leucine rich repeat region 

TGCCCTGCCGCCTGTACCTGTAGCAACAATATCGTAGACTGTCGTGGGAAAGGTCTCACTGAGATCCCCACAAAT 75 

CTTCCAGAGACCATCACAGAAATACGTTTGGAACAGAACACAATCAAAGTCATCCCTCCTGGAGCTTT 150 

TATAAAAAGCTTAGACGAATTGACCTGAGCAATAATCAGATCTCTGAACTTGCACCAGATGCTTTCCAAG^^ 225 

CGCTCTCTGAATTaCTTGTCCTCTATGGAAATAAAATCACAGAACTCCCCAAAAGTTTATTT 300 ^^a^" ^ 

TCCTTACAGCTCCTATTATTGAATGCCAACAAGATAAACTGCCTTCGGGTAGATGCTTTTCA^^ 375 

TTGAACCTTCTCTCCCTATATGACAACAAGCTTCAGACCATCGCCAAGGGGACCTTI^»^ 4 50 

CAAACTATGCATTTGGCCCAGAACCCCTTTAmGTGACTGCCATCTCAAGTGGCTAGCGGATTA^^^ 525 

AACCCGATTGAGACCAGTGGTGCCCGTTGCACCAGCCCCCGCCGCCTGGCAAACAAAAGAATTGGACAGATCAAA 600 

AGCAAGAAATTCCGTTGTTCAGGTACAGAAGATTATCGATCAAAATTAAGTGGAGACTGCTTTGCGGATC^ 675 

Hybridisation Probe for the third Leucine rich repeat region 

TGCCCTGAAAAGTGTCGCTGTGAAGGAACCACAGTAGATTGCTCTAATCAAAAGCTCAACAAAATCCCGGAGCAC 75 

ATTCCCCAGTACACTGCAGAGTTGCGTCTCAATAATAATGAATTTACCGTGTTGGAAGCCACAGG^^ 150 

AAACTTCCTCAATTACGTAAAATAAACmAGCAACAATAAGATCACAGATATTGAGGAGGGAGCATTTGM^ 225 u -> u 

GCATCTGGTGTAAATGAAATACTTCTTACGAGTAATCGTTTGGAAAATGTGCAGCATAAGATGTTCAAK 300 -^^"^ 

GAAAGCCTCAAAACTTTGATGTTGAGAAGCAATCGAATAACCTGTGTGGGGAATG^^ 375 

TCTGTGCGTTTGCTTTCTTTGTATGATAATCAAATTACTACAGTTGCACCAGGG 4 50 

TTATCTACTCTAAACCTCTTGGCCAATCCTTTTAACTGTAACTGCTACCTGGCTT^ 525 

AAGAAGAGAATTGTCACGGGAAATCCTAGATGTCAAAAACCATACTTCCTGAAAGAAATACCCATCCAGGA^^^ 600 

GCCATTCAGGACTTCACTTGTGATGACGGAAATGATGACAATAGTTGCTCCCCACTTTCTCGC 663 

Hybridisation Probe for the f otirth Leucine rich repeat region 

TGTCCTACTGAATGTACTTGCTTGGATACAGTCGTCCGATGTAGCAACAAGGGTTTGAAGGTCTTGCCGAAAGGT 75 

ATTCCAAGAGATGTCACAGAGTTGTATCTGGATGGAAACCAATTTACACTGGTTCCCAAGGAACTCTCCAACTAC 150 

AAACATTTAACACTTATAGACTTAAGTAACAACAGAATAAGCACGCTTTCTAATCAGAGCTTCAGC^ 225 . 

CAGCTCCTCACCTTAATTCTTAGTTACAACCGTCTGAGATGTATTCCTCCTCGCACCTTTGATGGATTAAAGTCT 300 -^vd " ^ 

CTTCGATTACTTTCTCTACATGGAAATGACATTTCTGTTGTGCCTGAAGGTGCTTTCAATGATCT^ 375 

TCACATCTAGCAATTGGAGCCAACCCTCTTTACTGTGATTGTAACATGCAGTGGTTATCCGACTGGGTGAAGTCG 450 

GAATATAAGGAGCCTGGAATTGCTCGTTGTGCTGGTCCTGGAGAAATGGCAGATAAACTTTTACTCACAACTC 525 - ' 

TCCAAAAAATTTACCTGTCAAGGTCCTGTGGATGTCAATATTCTAGCTAAGTGTAACCCC 585 

Hybridisation Probe for EGF repeats one to five 

TGCCTATCAAATCCGTGTAAAAATGATGGCACATGTAATAGTGATCCAGTTGACTTTTACCGATGCACCTGTCCA 75 

TATGGTTTCAAGGGGCAGGACTGTGATGTCCCAATTCATGCCTGCATCAGTAACCCATGTAAACATGGAGGAACT 150 

TGCCACTTAAAGGAAGGAGAAGAAGATGGATTCTGGTGTAmGTGCTGATGGATTTGAAGGAGAAAATTGTGAA 225 ^ 

GTCAACGTTGATGATTGTGAAGATAATGACTGTGAAAATAATTCTACATGTGTCGATGGCATTAATAACTACACA 300 0^ 

TGCCTTTGCCCACCTGAGTATACAGGTGAGTTGTGTGAGGAGAAGCTGGACTTCTGTGCCCAGGACCTGAACCCC 375 

TGCCAGCACGATTCAAAGTGCATCCTAACTCCAAAGGGATTCAAATGTGACTGCACACCAGGGTACGTAGGTGAA 450 

CACTGCGACATCGATTTTGACGACTGCCAAGACAACAAGTGTAAAAACGGAGCCCACTGCACAGATGCAGTGAAC 525 

GGCTATACGTGCATATGCCCCGAAGGTTACAGTGGCTTGTTCTGTGAGTTT 576 



Hybridisation Probe for the sixth EGF repeat and preceding spacer region 

TCTCCACCCATGGTCCTCCCTCGTACCAGCCCCTGTGATAATTTTGATTGTCAGAATGGAGCTCAGTGTATCGTC 75 2'^ '^"'^ 

AGAATAAATGAGCCAATATGTCAGTGTTTGCCTGGCTATCAGGGAGAAAAGTGTGAAAA 13^ 

Hybridisation Probe for the 99aa spacer/G-Ioop region 

ATTGGTTAGTGTGAATTTTATAAACAAAGAGTCTTATCTTCAGATTCCTTCAGCCAAGGTTCGGCCTCAGACGAA 75 

CATAACACTTCAGATTGCCACAGATGAAGACAGCGGAATCCTCCTGTATAAGGGTGACAAAGACCATATCGCGGT 150 

AGAACTCTATCGGGGGCGTGTTCGTGCCAGCTATGACACCGGCTCTCATCCAGCTTCTGCCATTTACAGTGTGGA 225 -yK^''^^ " ^^"^ ' 

GACAATCAATGATGGAAACTTCCACATTGTGGAACTACTTGCCTTGGATCAGAGTCTCTCTTTGTC 300 

TGGGAACCCCAAAATCATCACTAACTTGTCAAAGCAGTCCACTCTGAATTTTGACTCTCC^^ 375 

CATGCCAGGGAAGAGTAACGTGGCATCTCTGCGCCAGGCCCCTGGGCAGAACGGAACCAGCTTCCACGGCTGCAT 450 

CCGGAACCTTTACATCAACAGTGAGCTGCAGGACTTCCAGAAGGTGCCGATGCAAACAGGCATTTTGCCTGG 526 

Hybridisation Probe for EGF repeats seven to nine 

GAGCCATGCCACAAGAAGGTGTGTGCCCATGGCACATGCCAGCCCAGCAGCCAGGCAGGCTTCACCTGCGAGTGC 75 ^^M} 

CAGGAAGGATGGATGGGGCCCCTCTGTGACCAACGGACCAATGACCCTTGCCTTGGAAATAAATGCGTA^ 150 

ACCTGCTTGCCCATCAATGCGTTCTCCTACAGCTGTAAGTGCTTGGAGGGCCATGGAGGTGTCCTCTGTGATGAA 225 

GAGGAGGATCTGTTTAACCCATGCCAGGCGATCAAGTGCAAGCATGGGAAGTGCAGGCTTTCAGG 300 

CCCTACTGTGAATGCAGCAGTGGATACACGGGGACAGCTGTGATCGAGAAATC 353 



Hybridisation Probe for the cysteine knot region 

TCTTGTCGAGGGGAAAGGATAAGAGATTATTACCAAAAGCAGCAGGGCTATGCTGCTTGCCAAACAACCM 75 _ k^-^^- 

GTGTCCCGATTAGAGTGCAGAGGTGGGTGTGCAGGAGGGCAGTGCTGTGGACCGCTGAGGAGCAAGCGGCGGAAA 1 50 

TACTCTTTCGAATGCACTGACGGCTCCTCCTTTGTGGACGAGGTTGAGAAAGTGGTGAAGTGCGGCTGTA^ 225 

TGTGTGTCC 234 



PGR Primers for regions of Human Slit-1 

PGR Primers for the first Leucine rich repeat region 

Forward: 5' TGCCCGGCGCAGTGCTCTTGCTCGGGCAGC 3* TA-ut 

Reverse: 5' GTGCAAAACACTACAAGAAGGAGCCATAAA 3 ' -7^w- 

PGR Primers for the second Leucine rich repeat region 

Forward: 5' TGCCCTGCCGCCTGTACCTGTAGCAACAAT 3 ' r;^' 

Reverse: 5' AGCCAGATCCGCAAAGCAGTCTCCACTTAA 3* ^tp^ i^c 

PGR Primers for the third Leucine rich repeat region 

Forward: 5' TGCCCTGAAAAGTGTCGCTGTGAAGGAACC 3 ' 

Reverse: 5' GCGAGAAAGTGGGGAGCAACTATTGTCATC 3' 

PGR Primers for the fourth Leucine rich repeat region 

Forward: 5 ' TGTCCTACTGAATGTACTTGCTTGGATACA 3 ' ^ ' 

Reverse: 5' GGGGTTACACTTAGCTAGAATATTGACATC 3' trzz —^'^-^^ ' 

PGR Primers for EGF repeats one to five 

Forward: 5' TGCCTATCAAATCCGTGTAAAAATGATGGC 3* 

Reverse: 5' AAACTCACAGAACAAGCCACTGTAACCTTC 3* ^2^% -3327 

PGR Primers for the sixth EGF repeat and preceding spacer region 

Forward: 5' TCTCCACCCATGGTCCTCCCTCGTACCAGC 3 ' "JJ'*? * ^'^^'^ 

Reverse: 5' TTTTCACACTTTTCTCCCTGATAGCCAGGC 3' 1^5^*'^*^''* 

PGR Primers for the 99aa spacer/G-loop region 

Forward: 5* ATTGGTTAGTGTGAATTTTATAAACAAAGA 3' '^H*'i 

Reverse: 5* ACAGCCAGGCAAAATGCCTGTTTGCATCGG 3 '-j-ir* -'3*'lf7 

PGR Primers for EGF repeats seven to nine 

Forward: 5' GAGCCATGCCACAAGAAGGTGTGTGCCCAT 3' ^-=1^!? 

Reverse: 5* GATTTCTCGATCACAGCTGTCCCCGTGTAT 3' Li-iti- 

PGR Primers for the cysteine knot region 

Forward: 5 ' TCTTGTCGAGGGGAAAGGATAAGAGATTAT 3 • '^^^^ " ^^^^^ 

Reverse: 5' GGACACACACCTCGTACAGCCGCACTTCAC 3 'q'ffMi'- ''•^^ 



DECi.aRATION for patent APPLIC-xilON 



As a below-named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed bslow) or an 
original, first and joint inventor (if plural names are listed below) of the subject matter which is claimed 
and for which a patent is sought on the invention entitled Modulating Robo: Ligand hneractions, 
described in the specification filed on November 13, 1998, and having U.S. Serial No. 09/191,647. 

I hereby state that I have reviewed and understand the contents of the above-identified 
specification, including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose to the Patent Office all information known to me to be 
material to patentability as defined in 37 C.F.R. 1.56. 

I hereby claim the benefit under Title 35, United States Code, § 1 19(e) of any United States 
application(s) listed below and, insofar as the subject matter of each of the claims of this application i.s 
not disclosed in the prior United States application in the manner provided by the first paragraph of 
^ Title 35, United States Code, §112, 1 acknowledge the duty to disclose to the' Patent Office all 
^information known to me to be material to patentability as defined in 37 C.F.R. 1.56 which occurred 
rjbetween the filing date of the prior application and the national or PCT interaationai filing date of this 
^application: 

JUSSN 60/065.544 filed on November 14, 1997, abandoned, and 60/081,057 filed on April 7, 1998. 
Spending. 

Direct all telephone calls to Richard Osman (650) 343-4341 and address all correspondence to: 
pcience & Technology Law Group, 75 Denise Drive, Hillsborough, CA 94010 

I hereby declare that all statements made herein of my own knowledge are true and that ail 
3 statements made on information and belief are believed to be trae; and further that :hese statements wen 
J made with the knowledge that willfiil false statements and the like so made are punishable by fins or 

imprisonment, or both, under Title 18, United States Code, §1001 and that such willful false'statements 

may jeopardize the validit}' of the application or any patent issued thereon. 



Full name of first inventor: S. Gooi 



Inventors signature: 
Date: 

Residence: 

Citizenship: 

Post Office Address: 




- BefgeTev. CA ' 
U.S.A. 

Life Scier^ces Addition ^5\ 9. UC Berkeley. Bftrk-P^<>v . CA. 94720 
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Full name of second inventor; Thomas Kidd 

Inventors signature; ^ cmM W^^!?^ 

Date: 

Residence: 
Citizenship: 
Post Office. Address: 



Berkeley. CA 

i;.s.A. 

Life Sciences Addition #519. UC Berkeley. Berkeley. CA, 9^720 



Full name of third inventor 

Inventor's signature: 
Date: 

Residence: 

Citizenship: 

Post Office Address: 



KatjaBrose 



9) 



San Th^nd^v^^ C.^ 
Germany, 

Department of Anaiomv. UCSF> 513 Parnassus Ave. Rm. S-1479. San 
Francisco. CA 94143-0452 



Full name of fourth inventor: 

Inventor's signature: 
Date: 

Residence: 
Citizensiup: 
PostOfBce Address: 



Marc Tessier-Lavii 




TVparmmtnf AmtnTTry.TTCSF,5nPa^ S-1479. Sun 
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Applicant: Goodman ct al. 
Serial No.: 09/191,647 
Filed: November 13, 1998 
Group: 1635 



UCB98-031*3 



POWER OF ATTQRNEY l^Y ASSIGNEF, 



To Ihe Assistant Commissiojaer for Patents: 

Theuttdwrsigaedassignee of theentiie interest in application for letters patent entitled: Modulating Rabo: 
Ligcatd Interaction and having the named invcntoi(5);Coiey S» Goodman, Thomas Kidd, Katja Bxose 
and Marc Tessi^yr-Lavignc, described in Ihe appUcatiou filed on Novombcr 13, 199'8 haviog US Serial 
No,; 09/191,647,hereby appoints Richard Area Osman, PtiD. (RegNo 36,627) to prosecute this applicaiion 
and to transact all business in the United States Patent and Trademark Office in connection therewith. 

Please direct all coixespondence and telephone calls to: Richard Aron Osman, Ph.D. at 75 Denise Drive, 
HiUsborough, CA 94010; td. (650) 343-434L 

In accordance with 37 CFR §3.73 the assignee submits herewith for recordation an assignment from the 
inventors to the andcrsigned assignee and hereby ccrtiRes that the evideadary documents with respect 
to their ownership have been reviewed and that, to the best of assignee's knowledge and belief, title is 
in the assignee SMking; to take this action. 

I hereby declare that edl statements made herein of my own loaowledgc are trae, and that all statements 
roadA on information and belief arc believed to be true; and further, that these statements are made with 
theknowledgethatwiUfiil false statements, and the libe so made, are punishable by fine or imprisonment, 
or both, under Section idOU Title 18 of the United States Cods, and that such wiUfuI false statetn&nts 
may jeopardize the validity of th;e application nor any patent issuing thereon. 



By; The Regents of the University of CaJifomia 

Ull Franain Street, 5*^Hoor, Oakland. CA 94607-5200 

Name; WiUiam A, Hoskins 

Title: Director, Office of Technology Ucensing 

2150 Shattuck Avenue* Smte 510, Berkley, CA 94704 





SEQUENCE LISTING 

<110> Goodman, Corey 
Kid, Thomas 
Brose, Katja 
Tessier-Lavigne , Marc 

<12 0> Modulating Robo: Ligand Interactions 

<130> B98-031-3 

<140> 
<141> 

<150> 60/065,544 
<151> 1997-11-14 

<150> 60/081,057 
<151> 1998-04-07 

<160> 14 

<170> Patentin Ver. 2.0 

<210> 1 
<211> 4758 
<212> DNA 
<213> human 

<220> 

<221> CDS 

<222> (1) . . (4575) 

<400> 1 

^If f^? ctg ggg tta gtg 48 

Met Arg Gly Val Gly Trp Gin Met Leu Ser Leu Ser Leu Gly Leu Val 
1 5 10 15 

rlf. li^ T^"" f^^ t^"" ^""^ ''''^ tgc 96 

Leu Ala He Leu Asn Lys Val Ala Pro Gin Ala Cys Pro Ala Gin Cvs 

20 25 30 



tct tgc teg ggc age aea gtg gac tgt cae ggg ctg geg ctg cgc aae 
ser cys Ser Gly Ser Thr Val Asp Cys His Gly Leu All Leu A?g Ifr 
35 40 45 

gtg cce agg aat ate ccc cgc aac acc gag aga ctg gat tta aat gga 
Val Pro Arg Asn He Pro Arg Asn Thr Glu Arg Leu Asp Leu Asn Gly 

55 60 

aat aac ate aca aga att acg aag aca gat ttt get ggt ctt aga cat 
Asn Asn He Thr Arg He Thr Lys Thr Asp Phe Ala Gly Leu Arg His 

^70 75 80 

eta aga gtt ctt cag ctt atg gag aat aag att age ace att gaa aga 
Leu Arg Val Leu Gin Leu Met Glu Asn Lys He Ser Thr He Glu Ara 
85 90 95 

n?^ ""^^ tta aac aga 

Gly Ala Phe Gin Asp Leu Lys Glu Leu Glu Arg Leu Arg Leu Asn Arg 

100 105 110 

aat cac ctt cag ctg ttt cet gag ttg ctg ttt ctt ggg act geg aag 
Asn Hxs Leu Gin Leu Phe Pro Glu Leu Leu Phe Leu Gly Thr Ala Lys 
115 120 125 

eta tac agg ctt gat etc agt gaa aac caa att cag gca ate cea agg 
Leu Tyr Arg Leu Asp Leu Ser Glu Asn Gin He Gin Ala He Pro Arg 



144 



192 



240 



288 



336 



384 



432 



130 



135 



140 



aaa get ttc cgt ggg gca gtt gac ata aaa aat ttg caa ctg gat tac 480 

Lys Ala Phe Arg Gly Ala Val Asp lie Lys Asn Leu Gin Leu Asp Tyr 
145 150 155 160 

aac cag ate age tgt att gaa gat ggg gca ttc agg get etc egg gae 52 8 

Asn Gin He Ser Cys He Glu Asp Gly Ala Phe Arg Ala Leu Arg Asp 
165 170 175 

etg gaa gtg etc act etc aac aat aac aac att act aga ctt tct gtg 57 6 

Leu Glu Val Leu Thr Leu Asn Asn Asn Asn He Thr Arg Leu Ser Val 

180 185 190 

gca agt ttc aac cat atg cct aaa ctt agg act ttt cga ctg cat tea 624 

Ala Ser Phe Asn His Met Pro Lys Leu Arg Thr Phe Arg Leu His Ser 

195 200 205 

aac aac ctg tat tgt gac tge cac ctg gcc tgg etc tec gae tgg ctt 672 

Asn Asn Leu Tyr Cys Asp Cys His Leu Ala Trp Leu Ser Asp Trp Leu 

210 215 220 

cgc aaa agg cct egg gtt ggt ctg tac act cag tgt atg ggc ece tec 720 

Arg Lys Arg Pro Arg Val Gly Leu Tyr Thr Gin Cys Met Gly Pro Ser 
225 230 235 240 

cac ctg aga ggc cat aat gta gcc gag gtt caa aaa cga gaa ttt gtc 768 

His Leu Arg Gly His Asn Val Ala Glu Val Gin Lys Arg Glu Phe Val 
245 250 255 

tgc agt gat gag gaa gaa ggt cac cag tea ttt atg get cct tct tgt 816 

Cys Ser Asp Glu Glu Glu Gly His Gin Ser Phe Met Ala Pro Ser Cys 

260 265 270 

agt gtt ttg cac tgc cct gee gcc tgt ace tgt age aac aat ate gta 864 

Ser Val Leu His Cys Pro Ala Ala Cys Thr Cys Ser Asn Asn He Val 

275 280 285 

gac tgt cgt ggg aaa ggt etc act gag ate ccc aea aat ctt cea gag 912 

Asp Cys Arg Gly Lys Gly Leu Thr Glu He Pro Thr Asn Leu Pro Glu 

290 295 300 

ace ate aea gaa ata cgt ttg gaa cag aac aca ate aaa gtc ate cct 960 

Thr He Thr Glu He Arg Leu Glu Gin Asn Thr He Lys Val He Pro 
305 310 315 320 

cct gga get ttc tea cea tat aaa aag ctt aga cga att gac ctg age 1008 

Pro Gly Ala Phe Ser Pro Tyr Lys Lys Leu Arg Arg He Asp Leu Ser 
325 330 335 

aat aat cag ate tct gaa ctt gca cea gat get ttc caa gga eta cgc 1056 

Asn Asn Gin He Ser Glu Leu Ala Pro Asp Ala Phe Gin Gly Leu Arg 

340 345 350 

tct etg aat tea ctt gtc etc tat gga aat aaa ate aca gaa etc ccc 1104 

Ser Leu Asn Ser Leu Val Leu Tyr Gly Asn Lys He Thr Glu Leu Pro 

355 360 365 

aaa agt tta ttt gaa gga ctg ttt tec tta cag etc eta tta ttg aat 1152 

Lys Ser Leu Phe Glu Gly Leu Phe Ser Leu Gin Leu Leu Leu Leu Asn 

370 375 380 

gcc aac aag ata aac tge ctt egg gta gat get ttt cag gat etc cac 1200 

Ala Asn Lys He Asn Cys Leu Arg Val Asp Ala Phe Gin Asp Leu His 
385 390 395 400 

aac ttg aac ctt etc tec eta tat gac aac aag ctt cag ace ate gee 1248 

Asn Leu Asn Leu Leu Ser Leu Tyr Asp Asn Lys Leu Gin Thr He Ala 



405 410 415 

aag ggg acc ttt tea cct ctt egg gcc att caa act atg cat ttg gcc 1296 
Lys Gly Thr Phe Ser Pro Leu Arg Ala lie Gin Thr Met His Leu Ala 
420 425 430 

cag aac ccc ttt att tgt gac tgc cat etc aag tgg eta gcg gat tat 13 44 
Gin Asn Pro Phe lie Cys Asp Cys His Leu Lys Trp Leu Ala Asp Tyr 
435 440 445 

etc cat acc aac ccg att gag acc agt ggt gcc cgt tgc acc age ccc 13 92 
Leu His Thr Asn Pro lie Glu Thr Ser Gly Ala Arg Cys Thr Ser Pro 
450 455 460 

cgc egc etg gca aac aaa aga att gga cag ate aaa age aag aaa ttc 1440 
Arg Arg Leu Ala Asn Lys Arg lie Gly Gin lie Lys Ser Lys Lys Phe 
465 470 475 480 

cgt tgt tea ggt aca gaa gat tat cga tea aaa tta agt gga gac tgc 1488 
Arg Cys Ser Gly Thr Glu Asp Tyr Arg Ser Lys Leu Ser Gly Asp Cys 
485 490 495 

ttt gcg gat ctg get tgc cct gaa aag tgt cgc tgt gaa gga acc aca 153 6 
Phe Ala Asp Leu Ala Cys Pro Glu Lys Cys Arg Cys Glu Gly Thr Thr 
500 505 510 

gta gat tgc tct aat caa aag etc aac aaa ate ccg gag cac att ccc 1584 
Val Asp Cys Ser Asn Gin Lys Leu Asn Lys lie Pro Glu His lie Pro 
515 520 525 

cag tac act gca gag ttg cgt etc aat aat aat gaa ttt ace gtg ttg 1632 
Gin Tyr Thr Ala Glu Leu Arg Leu Asn Asn Asn Glu Phe Thr Val Leu 
530 535 540 

gaa gee aca gga ate ttt aag aaa ctt cct caa tta cgt aaa ata aac 1680 
Glu Ala Thr Gly lie Phe Lys Lys Leu Pro Gin Leu Arg Lys lie Asn 
545 550 555 560 

ttt age aac aat aag ate aca gat att gag gag gga gca ttt gaa gga 1728 
Phe Ser Asn Asn Lys lie Thr Asp lie Glu Glu Gly Ala Phe Glu Gly 
565 570 575 

gca tct ggt gta aat gaa ata ctt ctt acg agt aat cgt ttg gaa aat 1776 
Ala Ser Gly Val Asn Glu lie Leu Leu Thr Ser Asn Arg Leu Glu Asn 

580 585 590 

gtg cag cat aag atg ttc aag gga ttg gaa age etc aaa act ttg atg 1824 
Val Gin His Lys Met Phe Lys Gly Leu Glu Ser Leu Lys Thr Leu Met 
595 600 605 

ttg aga age aat cga ata acc tgt gtg ggg aat gac agt ttc ata gga 1872 
Leu Arg Ser Asn Arg lie Thr Cys Val Gly Asn Asp Ser Phe lie Gly 
610 615 620 

etc agt tct gtg cgt ttg ctt tct ttg tat gat aat caa att act aca 1920 
Leu Ser Ser Val Arg Leu Leu Ser Leu Tyr Asp Asn Gin lie Thr Thr 
625 630 635 640 

gtt gca cea ggg gca ttt gat act etc cat tct tta tct act eta aac 1968 
Val Ala Pro Gly Ala Phe Asp Thr Leu His Ser Leu Ser Thr Leu Asn 
645 650 655 

etc ttg gcc aat cct ttt aac tgt aac tgc tac ctg get tgg ttg gga 2016 
Leu Leu Ala Asn Pro Phe Asn Cys Asn Cys Tyr Leu Ala Trp Leu Gly 
660 665 670 

gag tgg ctg aga aag aag aga att gtc acg gga aat cct aga tgt caa 2064 
Glu Trp Leu Arg Lys Lys Arg He Val Thr Gly Asn Pro Arg Cys Gin 



675 680 685 

aaa cca tac ttc ctg aaa gaa ata ccc ate cag gar gtg gcc att cag 2112 
Lys Pro Tyr Phe Leu Lys Glu lie Pro lie Gin Asp Val Ala lie Gin 
690 695 700 

gac ttc act tgt gat gac gga aat gat gac aar agt tgc tec cca ctt 2160 
Asp Phe Thr Cys Asp Asp Gly Asn Asp Asp Asn Ser Cys Ser Pro Leu 
705 710 715 720 

tct cgc tgt cct act gaa tgt act tgc ttg gat aca gtc gtc cga tgt 2208 
Ser Arg Cys Pro Thr Glu Cys Thr Cys Leu Asd Thr Val Val Arg Cys 
725 730 735 

age aac aag ggt ttg aag gtc ttg ccg aaa ggt att cca aga gat gtc 225 6 
Ser Asn Lys Gly Leu Lys Val Leu Pro Lys Gly lie Pro Arg Asp Val 
740 745 750 

aca gag ttg tat ctg gat gga aac caa ttt aca ctg gtt ccc aag gaa 23 04 
Thr Glu Leu Tyr Leu Asp Gly Asn Gin Phe Thr Leu Val Pro Lys Glu 
755 760 755 

etc tec aac tac aaa cat tta aca ctt ata gac tta agt aac aac aga 2352 
Leu Ser Asn Tyr Lys His Leu Thr Leu lie Asp Leu Ser Asn Asn Arg 
770 775 780 

ata age acg ctt tct aat cag age ttc age aac atg ace cag etc etc 2400 
He Ser Thr Leu Ser Asn Gin Ser Phe Ser Asn Met Thr Gin Leu Leu 
785 790 795 800 

acc tta att ctt agt tac aac egt ctg aga tgt att cct cct cgc ace 2448 
Thr Leu He Leu Ser Tyr Asn Arg Leu Arg Cys He Pro Pro Arg Thr 
805 810 815 

ttt gat gga tta aag tct ctt cga tta ctt tct eta cat gga aat gac 249 6 
Phe Asp Gly Leu Lys Ser Leu Arg Leu Leu Ser Leu His Gly Asn Asp 

820 825 830 

att tct gtt gtg cct gaa ggt get ttc aat gat ctt tct gca tta tea 2544 
He Ser Val Val Pro Glu Gly Ala Phe Asn Asp Leu Ser Ala Leu Ser 
835 840 845 

cat eta gca att gga gcc aac cct ctt tac tgt gat tgt aac atg cag 2592 
His Leu Ala He Gly Ala Asn Pro Leu Tyr Cys Asp Cys Asn Met Gin 
850 855 860 

tgg tta tec gac tgg gtg aag teg gaa tat aag gag cct gga att get 2 640 
Tip Leu Ser Asp Trp Val Lys Ser Glu Tyr Lys Glu Pro Gly He Ala 
865 870 875 880 

cgt tgt get ggt cct gga gaa atg gca gat aaa ctt tta etc aca act 2 688 
Arg Cys Ala Gly Pro Gly Glu Met Ala Asp Lys Leu Leu Leu Thr Thr 
885 890 895 

ccc tec aaa aaa ttt ace tgt caa ggt cct gtg gat gtc aat att eta 2736 
Pro Ser Lys Lys Phe Thr Cys Gin Gly Pro Val Asp Val Asn He Leu 
900 905 910 

get aag tgt aac ccc tgc eta tea aat ccg tgt aaa aat gat ggc aca 27 84 
Ala Lys Cys Asn Pro Cys Leu Ser Asn Pro Cys Lys Asn Asp Gly Thr 
915 920 925 

tgt aat agt gat cca gtt gac ttt tac cga tgc acc tgt cca tat ggt 2832 
Cys Asn Ser Asp Pro Val Asp Phe Tyr Arg Cys Thr Cys Pro Tyr Gly 
930 935 940 

ttc aag ggg cag gac tgt gat gtc cca att cat gee tgc ate agt aac 2880 
Phe Lys Gly Gin Asp Cys Asp Val Pro He His Ala Cys He Ser Asn 



945 



950 



955 



960 



cca tgt aaa cat gga gga act tgc cac tta aag gaa gga gaa gaa gat 292 8 

Pro Cys Lys His Gly Gly Thr Cys His Leu Lys Glu Gly Glu Glu Asp 

965 970 975 

gga ttc tgg tgt att tgt get gat gga ttt gaa gga gaa aat tgt gaa 2 976 

Gly Phe Trp Cys lie Cys Ala Asp Gly Phe Glu Gly Glu Asn Cys Glu 

980 985 990 

gtc aac gtt gat gat tgt gaa gat aat gac tgt gaa aat aat tct aca 3024 

Val Asn Val Asp Asp Cys Glu Asp Asn Asp Cys Glu Asn Asn Ser Thr 

995 1000 1005 

tgt gtc gat ggc att aat aac tac aca tgc ctt tgc cca cct gag tat 3 072 

Cys Val Asp Gly lie Asn Asn Tyr Thr Cys Leu Cys Pro Pro Glu Tyr 

1010 1015 1020 

aca ggt gag ttg tgt gag gag aag ctg gac ttc tgt gcc cag gac ctg 3120 

Thr Gly Glu Leu Cys Glu Glu Lys Leu Asp Phe Cys Ala Gin Asp Leu 

1025 1030 1035 1040 

aac ccc tgc cag cac gat tea aag tgc ate eta act cca aag gga ttc 3168 

Asn Pro Cys Gin His Asp Ser Lys Cys lie Leu Thr Pro Lys Gly Phe 

1045 1050 1055 

aaa tgt gac tgc aca cca ggg tac gta ggt gaa cac tgc gac ate gat 3216 

Lys Cys Asp Cys Thr Pro Gly Tyr Val Gly Glu His Cys Asp lie Asp 

1060 1065 1070 

ttt gac gac tgc caa gac aac aag tgt aaa aac gga gcc cac tgc aca 3264 

Phe Asp Asp Cys Gin Asp Asn Lys Cys Lys Asn Gly Ala His Cys Thr 

1075 1080 1085 

gat gca gtg aac ggc tat acg tgc ata tgc ccc gaa ggt tac agt ggc 3 312 

Asp Ala Val Asn Gly Tyr Thr Cys lie Cys Pro Glu Gly Tyr Ser Gly 

1090 1095 1100 

ttg ttc tgt gag ttt tct cca ccc atg gtc etc cct cgt acc age ccc 33 60 

Leu Phe Cys Glu Phe Ser Pro Pro Met Val Leu Pro Arg Thr Ser Pro 

1105 1110 1115 1120 

tgt gat aat ttt gat tgt cag aat gga get cag tgt ate gtc aga ata 3408 

Cys Asp Asn Phe Asp Cys Gin Asn Gly Ala Gin Cys lie Val Arg lie 

1125 1130 1135 

aat gag cca ata tgt cag tgt ttg cct ggc tat cag gga gaa aag tgt 3456 

Asn Glu Pro lie Cys Gin Cys Leu Pro Gly Tyr Gin Gly Glu Lys Cys 

1140 1145 1150 

gaa aaa ttg gtt agt gtg aat ttt ata aac aaa gag tct tat ctt cag 35 04 

Glu Lys Leu Val Ser Val Asn Phe lie Asn Lys Glu Ser Tyr Leu Gin 

1155 1160 1165 

att cct tea gee aag gtt egg cct cag acg aac ata aca ctt cag att 3552 

He Pro Ser Ala Lys Val Arg Pro Gin Thr Asn He Thr Leu Gin He 

1170 1175 1180 

gcc aca gat gaa gac age gga ate etc ctg tat aag ggt gac aaa gac 3 600 

Ala Thr Asp Glu Asp Ser Gly He Leu Leu Tyr Lys Gly Asp Lys Asp 

1185 1190 1195 1200 

cat ate gcg gta gaa etc tat egg ggg cgt gtt cgt gcc age tat gac 3 648 

His He Ala Val Glu Leu Tyr Arg Gly Arg Val Arg Ala Ser Tyr Asp 

1205 1210 1215 

acc ggc tct cat cca get tct gcc att tac agt gtg gag aca ate aat 3 69 6 
Thr Gly Ser His Pro Ala Ser Ala He Tyr Ser Val Glu Thr He Asn 



1220 



1225 



1230 



gat gga aac ttc cac att gtg gaa eta ctt gcc ttg gat cag agt etc 3744 

Asp Gly Asn Phe His lie Val Glu Leu Leu Ala Leu Asp Gin Ser Leu 

1235 1240 1245 

tct ttg tec gtg gat ggt ggg aac cce aaa ate ate act aac ttg tea 3792 

Ser Leu Ser Val Asp Gly Gly Asn Pro Lys lie lie Thr Asn Leu Ser 

1250 1255 1260 

aag cag tec act ctg aat ttt gac tct cca etc tat gta gga ggc atg 3840 

Lys Gin Ser Thr Leu Asn Phe Asp Ser Pro Leu Tyr Val Gly Gly Met 
1265 1270 1275 1280 

cca ggg aag agt aac gtg gca tct ctg cgc cag gcc cct ggg cag aac 3 8 88 

Pro Gly Lys Ser Asn Val Ala Ser Leu Arg Gin Ala Pro Gly Gin Asn 

1285 1290 1295 

gga acc age ttc cac ggc tge ate egg aac ctt tac ate aac agt gag 393 6 

Gly Thr Ser Phe His Gly Cys He Arg Asn Leu Tyr lie Asn Ser Glu 

1300 1305 1310 

ctg cag gac ttc cag aag gtg ccg atg caa aca ggc att ttg cct ggc 3984 

Leu Gin Asp Phe Gin Lys Val Pro Met Gin Thr Gly He Leu Pro Gly 

1315 1320 1325 

tgt gag cca tgc cac aag aag gtg tgt gcc cat ggc aca tgc cag cce 4032 

Cys Glu Pro Cys His Lys Lys Val Cys Ala His Gly Thr Cys Gin Pro 

1330 1335 1340 

age age cag gca ggc ttc acc tgc gag tgc cag gaa gga tgg atg ggg 4080 

Ser Ser Gin Ala Gly Phe Thr Cys Glu Cys Gin Glu Gly Trp Met Gly 
1345 1350 1355 1360 

cce etc tgt gac caa egg acc aat gac cct tgc ctt gga aat aaa tgc 4128 

Pro Leu Cys Asp Gin Arg Thr Asn Asp Pro Cys Leu Gly Asn Lys Cys 

1365 1370 1375 

gta cat ggc acc tgc ttg cce ate aat gcg ttc tec tac age tgt aag 4176 

Val His Gly Thr Cys Leu Pro He Asn Ala Phe Ser Tyr Ser Cys Lys 

1380 1385 1390 

tgc ttg gag ggc cat gga ggt gtc etc tgt gat gaa gag gag gat ctg 4224 

Cys Leu Glu Gly His Gly Gly Val Leu Cys Asp Glu Glu Glu Asp Leu 

1395 1400 1405 

ttt aac cca tge cag gcg ate aag tgc aag cat ggg aag tgc agg ctt 4272 

Phe Asn Pro Cys Gin Ala He Lys Cys Lys His Gly Lys Cys Arg Leu 

1410 1415 1420 

tea ggt ctg ggg cag cce tac tgt gaa tgc age agt gga tac acg ggg 4320 

Ser Gly Leu Gly Gin Pro Tyr Cys Glu Cys Ser Ser Gly Tyr Thr Gly 
1425 1430 1435 1440 

gac age tgt gat cga gaa ate tct tgt cga ggg gaa agg ata aga gat 4368 

Asp Ser Cys Asp Arg Glu He Ser Cys Arg Gly Glu Arg He Ara Asd 

1445 1450 1455 

tat tac caa aag cag cag ggc tat get get tgc caa aca acc aag aag 4416 

Tyr Tyr Gin Lys Gin Gin Gly Tyr Ala Ala Cys Gin Thr Thr Lys Lys 

1460 1465 1470 

gtg tee cga tta gag tgc aga ggt ggg tgt gca gga ggg cag tgc tgt 4464 

Val Ser Arg Leu Glu Cys Arg Gly Gly Cys Ala Gly Gly Gin Cys Cys 

1475 1480 1485 

gga ccg ctg agg age aag egg egg aaa tac tct ttc gaa tgc act gac 4512 

Gly Pro Leu Arg Ser Lys Arg Arg Lys Tyr Ser Phe Glu Cys Thr Asp 



1490 



1495 



1500 



ggc tec tec ttt gtg gac gag gtt gag aaa gtg gtg aag tgc ggc tgt 4560 
Gly Ser Sar Phe Val Asp Glu Val Glu Lys Val Val Lys Cys Gly Cys 
1505 1510 1515 1520 

acg agg tgt gtg tec taaaeacact eeeggcagct etgtctttgg aaaaggttgt 4615 
Thr Arg Cys Val Ser 



ataettcttg accatgtggg actaatgaat gettcatagt ggaaatattt gaaatatatt 4675 
gtaaaataca gaacagactt atttttatta tgagaataaa gacttttttt ctgcatttgg 4735 



<210> 2 

<211> 1525 

<212> PRT 

<213> human 

<400> 2 

Met Arg Gly Val Gly Trp Gin Met Leu Ser Leu Ser Leu Gly Leu Val 
15 10 15 

Leu Ala lie Leu Asn Lys Val Ala Pro Gin Ala Cys Pro Ala Gin Cys 
20 25 30 

Ser Cys Ser Gly Ser Thr Val Asp Cys His Gly Leu Ala Leu Arg Ser 
35 40 45 

Val Pro Arg Asn lie Pro Arg Asn Thr Glu Arg Leu Asp Leu Asn Gly 
50 55 60 

Asn Asn He Thr Arg He Thr Lys Thr Asp Phe Ala Gly Leu Arg His 
65 70 75 80 

Leu Arg Val Leu Gin Leu Met Glu Asn Lys He Ser Thr He Glu Arg 
85 90 95 

Gly Ala Phe Gin Asp Leu Lys Glu Leu Glu Arg Leu Arg Leu Asn Arg 
100 105 110 

Asn His Leu Gin Leu Phe Pro Glu Leu Leu Phe Leu Gly Thr Ala Lys 
115 120 125 

Leu Tyr Arg Leu Asp Leu Ser Glu Asn Gin He Gin Ala He Pro Arg 
130 135 140 

Lys Ala Phe Arg Gly Ala Val Asp He Lys Asn Leu Gin Leu Asp Tyr 
145 150 155 160 

Asn Gin He Ser Cys He Glu Asp Gly Ala Phe Arg Ala Leu Arg Asp 
165 170 175 

Leu Glu Val Leu Thr Leu Asn Asn Asn Asn He Thr Arg Leu Ser Val 
180 185 190 

Ala Ser Phe Asn His Met Pro Lys Leu Arg Thr Phe Arg Leu His Ser 
195 200 205 

Asn Asn Leu Tyr Cys Asp Cys His Leu Ala Trp Leu Ser Asp Trp Leu 
210 215 220 

Arg Lys Arg Pro Arg Val Gly Leu Tyr Thr Gin Cys Met Gly Pro Ser 



1525 



aaaaaaaaaa 



aaaaaaaact cga 



4758 



225 



230 



235 



240 



His Leu Arg Gly His Asn Val Ala Glu Val Gin Lys Arg Glu Phe Val 
245 250 255 

Cys Ser Asp Glu Glu Glu Gly His Gin Ser Phe Met Ala Pro Ser Cys 

260 265 270 

Ser Val Leu His Cys Pro Ala Ala Cys Thr Cys Ser Asn Asn lie Val 
275 280 285 

Asp Cys Arg Gly Lys Gly Leu Thr Glu He Pro Thr Asn Leu Pro Glu 
290 295 300 

Thr He Thr Glu He Arg Leu Glu Gin Asn Thr He Lys Val He Pro 
305 310 315 320 

Pro Gly Ala Phe Ser Pro Tyr Lys Lys Leu Ara Arg He Asp Leu Ser 
325 330 335 

Asn Asn Gin He Ser Glu Leu Ala Pro Asp Ala Phe Gin Gly Leu Arg 
340 345 350 

Ser Leu Asn Ser Leu Val Leu Tyr Gly Asn Lys He Thr Glu Leu Pro 
355 360 365 

Lys Ser Leu Phe Glu Gly Leu Phe Ser Leu Gin Leu Leu Leu Leu Asn 
370 375 380 

Ala Asn Lys He Asn Cys Leu Arg Val Asp Ala Phe Gin Asp Leu His 
385 390 395 400 

Asn Leu Asn Leu Leu Ser Leu Tyr Asp Asn Lys Leu Gin Thr He Ala 
405 410 415 

Lys Gly Thr Phe Ser Pro Leu Arg Ala He Gin Thr Met His Leu Ala 
420 425 430 

Gin Asn Pro Phe He Cys Asp Cys His Leu Lys Trp Leu Ala Asp Tyr 
435 ' 440 445 

Leu His Thr Asn Pro He Glu Thr Ser Gly Ala Arg Cys Thr Ser Pro 
450 455 460 

Arg Arg Leu Ala Asn Lys Arg He Gly Gin He Lys Ser Lys Lys Phe 
465 470 475 480 

Arg Cys Ser Gly Thr Glu Asp Tyr Arg Ser Lys Leu Ser Gly Asp Cys 
485 490 495 

Phe Ala Asp Leu Ala Cys Pro Glu Lys Cys Arg Cys Glu Gly Thr Thr 
500 505 510 

Val Asp Cys Ser Asn Gin Lys Leu Asn Lys He Pro Glu His He Pro 
515 520 525 

Gin Tyr Thr Ala Glu Leu Arg Leu Asn Asn Asn Glu Phe Thr Val Leu 
530 535 540 

Glu Ala Thr Gly He Phe Lys Lys Leu Pro Gin Leu Arg Lys He Asn 
545 550 555 560 

Phe Ser Asn Asn Lys He Thr Asp He Glu Glu Gly Ala Phe Glu Gly 
565 570 575 

Ala Ser Gly Val Asn Glu He Leu Leu Thr Ser Asn Arg Leu Glu Asn 

580 585 590- 

Val Gin His Lys Met Phe Lys Gly Leu Glu Ser Leu Lys Thr Leu Met 



595 600 605 

Leu Arg Ser Asn Arg lie Thr Cys Val Gly Asn Asd Ser Phe lie Gly 
610 615 620 

Leu Ser Ser Val Arg Leu Leu Ser Leu Tyr Asp Asn Gin lie Thr Thr 
625 630 635 640 

Val Ala Pro Gly Ala Phe Asp Thr Leu His Ser Leu Ser Thr Leu Asn 
645 650 655 

Leu Leu Ala Asn Pro Phe Asn Cys Asn Cys Tyr Leu Ala Trp Leu Gly 
660 665 670 

Glu Trp Leu Arg Lys Lys Arg lie Val Thr Gly Asn Pro Arg Cys Gin 
675 680 685 

Lys Pro Tyr Phe Leu Lys Glu lie Pro lie Gin Asp Val Ala He Gin 
690 695 700 

Asp Phe Thr Cys Asp Asp Gly Asn Asp Asp Asn Ser Cys Ser Pro Leu 
705 710 715 720 

Ser Arg Cys Pro Thr Glu Cys Thr Cys Leu Asp Thr Val Val Arg Cys 
725 730 735 

Ser Asn Lys Gly Leu Lys Val Leu Pro Lys Gly He Pro Arg Asp Val 
740 745 750 

Thr Glu Leu Tyr Leu Asp Gly Asn Gin Phe Thr Leu Val Pro Lys Glu 
755 760 765 

Leu Ser Asn Tyr Lys His Leu Thr Leu He Asp Leu Ser Asn Asn Arg 
770 775 780 

He Ser Thr Leu Ser Asn Gin Ser Phe Ser Asn Met Thr Gin Leu Leu 
785 790 795 800 

Thr Leu He Leu Ser Tyr Asn Arg Leu Arg Cys He Pro Pro Arg Thr 
805 810 815 

Phe Asp Gly Leu Lys Ser Leu Arg Leu Leu Ser Leu His Gly Asn Asp 
820 825 830 

He Ser Val Val Pro Glu Gly Ala Phe Asn Asp Leu Ser Ala Leu Ser 
835 840 845 

His Leu Ala He Gly Ala Asn Pro Leu Tyr Cys Asp Cys Asn Met Gin 
850 855 860 

Trp Leu Ser Asp Trp Val Lys Ser Glu Tyr Lys Glu Pro Gly He Ala 
865 870 875 880 

Arg Cys Ala Gly Pro Gly Glu Met Ala Asp Lys Leu Leu Leu Thr Thr 

Pro Ser Lys Lys Phe Thr Cys Gin Gly Pro Val Asp Val Asn He Leu 

900 905 910 

Ala Lys Cys Asn Pro Cys Leu Ser Asn Pro Cys Lys Asn Asp Gly Thr 
915 920 925 

Cys Asn Ser Asp Pro Val Asp Phe Tyr Arg Cys Thr Cys Pro Tyr Gly 
930 935 940 

Phe Lys Gly Gin Asp Cys Asp Val Pro He His Ala Cys He Ser Asn 
945 950 955 960 

Pro Cys Lys His Gly Gly Thr Cys His Leu Lys Glu Gly Glu Glu Asp 



965 970 975 

Gly Phe Trp Cys lie Cys Ala Asp Gly Phe Glu Gly Glu Asn Cys Glu 
980 985 990 

Val Asn Val Asp Asp Cys Glu Astd Asn Asp Cys Glu Asn Asn Ser Thr 
995 1000 1005 

Cys Val Asp Gly lie Asn Asn Tyr Thr Cys Leu Cys Pro Pro Glu Tyr 
1010 1015 1020 

Thr Gly Glu Leu Cys Glu Glu Lys Leu Asp Phe Cys Ala Gin Asp Leu 
1025 1030 1035 1040 

Asn Pro Cys Gin His Asp Ser Lys Cys lie Leu Thr Pro Lys Gly Phe 
1045 1050 1055 

Lys Cys Asp Cys Thr Pro Gly Tyr Val Gly Glu His Cys Asp lie Asp 
1060 1065 1070 

Phe Asp Asp Cys Gin Asp Asn Lys Cys Lys Asn Gly Ala His Cys Thr 
1075 1080 1085 

Asp Ala Val Asn Gly Tyr Thr Cys lie Cys Pro Glu Gly Tyr Ser Gly 
1090 1095 1100 

Leu Phe Cys Glu Phe Ser Pro Pro Met Val Leu Pro Arg Thr Ser Pro 
1105 1110 1115 1120 

Cys Asp Asn Phe Asp Cys Gin Asn Gly Ala Gin Cys lie Val Arg lie 
1125 1130 1135 

Asn Glu Pro lie Cys Gin Cys Leu Pro Gly Tyr Gin Gly Glu Lys Cys 
1140 1145 1150 

Glu Lys Leu Val Ser Val Asn Phe lie Asn Lys Glu Ser Tyr Leu Gin 
1155 1160 1165 

lie Pro Ser Ala Lys Val Arg Pro Gin Thr Asn lie Thr Leu Gin lie 
1170 1175 1180 

Ala Thr Asp Glu Asp Ser Gly lie Leu Leu Tyr Lys Gly Asp Lys Asp 
1185 1190 1195 1200 

His lie Ala Val Glu Leu Tyr Arg Gly Arg Val Arg Ala Ser Tyr Asp 
1205 1210 1215 

Thr Gly Ser His Pro Ala Ser Ala lie Tyr Ser Val Glu Thr lie Asn 

1220 1225 1230 

Asp Gly Asn Phe His lie Val Glu Leu Leu Ala Leu Asp Gin Ser Leu 
1235 1240 1245 

Ser Leu Ser Val Asp Gly Gly Asn Pro Lys lie lie Thr Asn Leu Ser 
1250 1255 1260 

Lys Gin Ser Thr Leu Asn Phe Aso Ser Pro Leu Tyr Val Gly Gly Met 
1265 1270 " 1275 1280 

Pro Gly Lys Ser Asn Val Ala Ser Leu Arg Gin Ala Pro Gly Gin Asn 
1285 1290 1295 

Gly Thr Ser Phe His Gly Cys lie Arg Asn Leu Tyr lie Asn Ser Glu 
1300 1305 1310 

Leu Gin Asp Phe Gin Lys Val Pro Met Gin Thr Gly lie Leu Pro Gly 
1315 1320 1325 



Cys Glu Pro Cys His Lys Lys Val Cys Ala His Gly Thr Cys Gin Pro 
1330 1335 1340 

Ser Ser Gin Ala Gly Phe Thr Cys Glu Cys Gin Glu Gly Trp Met Gly 
1345 1350 1355 1360 

Pro Leu Cys Asp Gin Arg Thr Asn Asp Pro Cys Leu Gly Asn Lys Cys 
1365 1370 1375 

Val His Gly Thr Cys Leu Pro lie Asn Ala Phe Ser Tyr Ser Cys Lys 
1380 1385 1390 

Cys Leu Glu Gly His Gly Gly Val Leu Cys Asp Glu Glu Glu Asp Leu 
1395 1400 1405 

Phe Asn Pro Cys Gin Ala He Lys Cys Lys His Gly Lys Cys Arg Leu 
1410 1415 1420 

Ser Gly Leu Gly Gin Pro Tyr Cys Glu Cys Ser Ser Gly Tyr Thr Gly 
1425 1430 1435 1440 

Asp Ser Cys Asp Arg Glu He Ser Cys Arg Gly Glu Arg He Arg Asp 
1445 1450 1455 

Tyr Tyr Gin Lys Gin Gin Gly Tyr Ala Ala Cys Gin Thr Thr Lys Lys 
1460 1465 1470 

Val Ser Arg Leu Glu Cys Arg Gly Gly Cys Ala Gly Gly Gin Cys Cys 
1475 1480 1485 

Gly Pro Leu Arg Ser Lys Arg Arg Lys Tyr Ser Phe Glu Cys Thr Asp 
1490 1495 1500 

Gly Ser Ser Phe Val Asp Glu Val Glu Lys Val Val Lys Cys Gly Cys 
1505 1510 1515 1520 

Thr Arg Cys Val Ser 
1525 



<210> 3 
<211> 105 
<212> PRT 
<213> hiiman 

<400> 3 

Ser Pro Cys Thr Cys Ser Asn Asn lie Val Asp Cys Arg Gly Lys Gly 
15 10 15 

Leu Met Glu He Pro Ala Asn Leu Pro Glu Gly He Val Glu He Arg 
20 25 30 

Leu Glu Gin Asn Ser He Lys Ala He Pro Ala Gly Ala Phe Thr Gin 
35 40 45 

Tyr Lys Lys Leu Lys Arg He Asp He Ser Lys Asn Gin He Ser Asp 
50 55 60 

He Ala Pro Asp Ala Phe Gin Gly Leu Lys Ser Leu Thr Ser Leu Val 
65 70 75 80 

Leu Tyr Gly Asn Lys He Thr Glu He Ala Lys Gly Leu Phe Asp Gly 
85 90 95 

Leu Val Ser Leu Gin Leu Leu Leu Leu 
100 105 



<210> 4 
<211> 138 
<212> PRT 
<213> human 

<400> 4 

Glu Gly Ala ?he Asn Gly Ala Ala Ser Val Gin Glu Leu Met Leu Thr 
15 10 15 

Gly Asn Gin Leu Glu Thr Val His Gly Arg Gly ?he Arg Gly Gly Leu 
20 25 30 

Ser Gly Leu Lys Thr Leu Met Leu Arg Ser Asn Leu lie Gly Cys Val 
35 40 45 

Ser Asn Asp Thr Phe Ala Gly Leu Ser Ser Val Arg Leu Leu Ser Leu 
50 55 60 

Tyr Asp Asn Arg He Thr Thr He Thr Pro Gly Ala Phe Thr Thr Leu 
65 70 75 80 

Val Ser Leu Ser Thr He Asn Leu Leu Ser Asn Pro Phe Asn Cys Asn 
85 90 95 

Cys His Leu Gly Ala Gly Leu Gly Lys Trp Leu Arg Lys Arg Arg He 
100 105 110 

Val Ser Gly Asn Pro Arg Cys Gin Lys Pro Phe Phe Leu Lys Glu He 
115 120 125 

Pro He Gin Gly Val Gly His Pro Gly He 
130 135 



<210> 5 
<211> 160 
<212> PRT 
<213> human 

<400> 5 

Trp Pro Arg Cys Glu Cys Met Pro Gly Tyr Ala Gly Asp Asn Cys Ser 
15 10 15 

Glu Asn Gin Asp Asp Cys Arg Asp His Arg Cys Gin Asn Gly Ala Gin 
20 25 30 

Cys Met Asp Glu Val Asn Ser Tyr Ser Cys Leu Cys Ala Glu Gly Tyr 
35 40 45 

Ser Gly Gin Leu Cys Glu He Pro Pro His Leu Pro Ala Pro Lys Ser 
50 55 60 

Pro Cys Glu Gly Thr Glu Cys Gin Asn Gly A.la Asn Cys Val Asp Gin 
65 70 75 80 

Gly Asn Arg Pro Val Cys Gin Cys Leu Pro Gly Phe Gly Gly Pro Glu 
85 90 95 

Cys Glu Lys Leu Leu Ser Val Asn Phe Val Asp Arg Asp Thr Tyr Leu 
100 105 110 

Gin Phe Thr Asp Leu Gin Asn TrD Xaa Arg Xaa Asn He Thr Leu Gin 
115 120 125 

Val Phe Thr Ala Glu Asp Asn Gly He Leu Leu Tyr Asn Gly Gly Asn 
130 135 140 

Asp His He Ala Val Xaa Leu Tyr Xaa Gly His Val Arg Phe Ser Tyr 



145 



150 



155 



160 



<210> 6 
<211> 103 
<212> PRT 
<213> human 



<400> 6 

Gin Cys His He 
1 

Gly Phe Ser Gly 
20 

Val Val Arg Glu 
35 

Thr Ala Ser Lys 
50 



Ser Asp Gin Gly 
5 

Glu His Cys Gin 

Val He Arg Arg 
40 

Val Pro He Met 
55 



Glu Pro Tyr Cys 
10 

Gin Glu Asn Pro 
25 

Gin Lys Gly Tyr 



Glu Cys Arg Gly 
60 



Leu Cys Gin Pro 
15 

Cys Leu Gly Gin 
30 

Ala Ser Cys Ala 
45 

Gly Cys Gly Pro 



Gin Cys Cys Gin Pro Thr Arg Ser Lys Arg Arg Lys Tyr Val Phe Gin 

70 75 80 

Cys Thr Asp Gly Ser Ser Phe Val Glu Glu Val Glu Arg His Leu Glu 
85 90 95 

Cys Gly Cys Leu Ala Cys Ser 
100 



<210> 7 
<211> 1480 
<212> PRT 

<213> Drosophila melanogaster 
<400> 7 

Met Ala Ala Pro Ser Arg Thr Thr Leu Met Pro Pro Pro Phe Arg Leu 
15 10 15 

Gin Leu Arg Leu Leu He Leu Pro He Leu Leu Leu Leu Arg His Asp 
20 25 30 

Ala Val His Ala Glu Pro Tyr Ser Gly Gly Phe Gly Ser Ser Ala Val 
35 40 45 

Ser Ser Gly Gly Leu Gly Ser Val Gly He His He Pro Gly Gly Gly 
50 55 60 

Val Gly Val He Thr Glu Ala Arg Cys Pro Arg Val Cys Ser Cys Thr 
^5 70 75 80 

Gly Leu Asn Val Asp Cys Ser His Arg Gly Leu Thr Ser Val Pro Arg 
85 90 95 

Lys He Ser Ala Asp Val Glu Arg Leu Glu Leu Gin Gly Asn Asn Leu 
100 105 110 

Thr Val He Tyr Glu Thr Asp Phe Gin Arg Leu Thr Lys Leu Arg Met 
115 120 125 

Leu Gin Leu Thr Asp Asn Gin He His Thr He Glu Arg Asn Ser Phe 
130 135 140 

Gin Asp Leu Val Ser Leu Glu Arg Leu Asp He Ser Asn Asn Val He 



145 150 155 160 

Thr Thr Val Gly Arg Arg Val Phe Lys Gly Ala Gin Ser Leu Arg Ser 
165 170 175 

Leu Gin Leu Asp Asn Asn Gin lie Thr Cys Leu Asp Glu His Ala Phe 
180 185 190 

Lys Gly Leu Val Glu Leu Glu lie Leu Thr Leu Asn Asn Asn Asn Leu 
195 200 205 

Thr Ser Leu Pro His Asn lie Phe Gly Gly Leu Gly Arg Leu Arg Ala 
210 215 220 

Leu Arg Leu Ser Asp Asn Pro Phe Ala Cys Asp Cys His Leu Ser Trp 
225 230 235 240 

Leu Ser Arg Phe Leu Arg Ser Ala Thr Arg Leu Ala Pro Tyr Thr Arg 
245 250 255 

Cys Gin Ser Pro Ser Gin Leu Lys Gly Gin Asn Val Ala Asp Leu His 
260 265 270 

Asp Gin Glu Phe Lys Cys Ser Gly Leu Thr Glu His Ala Pro Met Glu 
275 280 285 

Cys Gly Ala Glu Asn Ser Cys Pro His Pro Cys Arg Cys Ala Asp Gly 
290 295 300 

lie Val Asp Cys Arg Glu Lys Ser Leu Thr Ser Val Pro Val Thr Leu 
305 310 315 320 

Pro Asp Asp Thr Thr Asp Val Arg Leu Glu Gin Asn Phe lie Thr Glu 
325 330 335 

Leu Pro Pro Lys Ser Phe Ser Ser Phe Arg Arg Leu Arg Arg lie Asp 
340 345 350 

Leu Ser Asn Asn Asn lie Ser Arg lie Ala His Asp Ala Leu Ser Gly 
355 360 365 

Leu Lys Gin Leu Thr Thr Leu Val Leu Tyr Gly Asn Lys lie Lys Asp 
370 375 380 

Leu Pro Ser Gly Val Phe Lys Gly Leu Gly Ser Leu Arg Leu Leu Leu 
385 390 395 400 

Leu Asn Ala Asn Glu lie Ser Cys lie Arg Lys Asp Ala Phe Arg Asp 
405 410 415 

Leu His Ser Leu Ser Leu Leu Ser Leu Tyr Asp Asn Asn lie Gin Ser 
420 425 430 

Leu Ala Asn Gly Thr Phe Asp Ala Met Lys Ser Met Lys Thr Val His 
435 440 445 

Leu Ala Lys Asn Pro Phe lie Cys Asp Cys Asn Leu Ara Trp Leu Ala 
450 455 460 

Asp Tyr Leu His Lys Asn Pro lie Glu Thr Ser Gly Ala Arg Cys Glu 
465 470 475 480 

Ser Pro Lys Arg Met His Arg Arg Arg lie Glu Ser Leu Arg Glu Glu 
485 490 495 

Lys Phe Lys Cys Ser Trp Gly Glu Leu Arg Met Lys Leu Ser Gly Glu 
500 505 510 



Cys Arg Met Asp Ser Asp Cys Pro Ala Met Cys His Cys Glu Gly Thr 
515 520 525 

Thr Val Asp Cys Thr Gly Arg Arg Leu Lys Glu lie Pro Arg Asp lie 

530 535 540 

Pro Leu His Thr Thr Glu Leu Leu Leu Asn Asp Asn Glu Leu Gly Arg 
545 550 555 560 



lie Ser Ser Asp Gly Leu Phe Gly Arg Leu Pro His Leu Val Lys Leu 
565 570 575 

Glu Leu Lys Arg Asn Gin Leu Thr Gly lie Glu Pro Asn Ala Phe Glu 
580 585 590 

Gly Ala Ser His lie Gin Glu Leu Gin Leu Gly Glu Asn Lys lie Lys 
595 600 605 

Glu lie Ser Asn Lys Met Phe Leu Gly Leu His Gin Leu Lys Thr Leu 
610 615 620 

Asn Leu Tyr Asp Asn Gin He Ser Cys Val Met Pro Gly Ser Phe Glu 
625 630 635 640 

His Leu Asn Ser Leu Thr Ser Leu Asn Leu Ala Ser Asn Pro Phe Asn 
645 650 655 

Cys Asn Cys His Leu Ala Trp Phe Ala Glu Cys Val Arg Lys Lys Ser 
660 665 670 

Leu Asn Gly Gly Ala Ala Arg Cys Gly Ala Pro Ser Lys Val Arg Asp 
675 680 685 

Val Gin He Lys Asp Leu Pro His Ser Glu Phe Lys Cys Ser Ser Glu 
690 695 700 

Asn Ser Glu Gly Cys Leu Gly Asp Gly Tyr Cys Pro Pro Ser Cys Thr 
705 710 715 720 

Cys Thr Gly Thr Val Val Ala Cys Ser Arg Asn Gin Leu Lys Glu He 
725 730 735 

Pro Arg Gly He Pro Ala Glu Thr Ser Glu Leu Tyr Leu Glu Ser Asn 
740 745 750 

Glu He Glu Gin He His Tyr Glu Arg He Arg His Leu Arg Ser Leu 
755 760 765 

Thr Arg Leu Asp Leu Ser Asn Asn Gin He Thr He Leu Ser Asn Tyr 
770 775 780 

Thr Phe Ala Asn Leu Thr Lys Leu Ser Thr Leu He He Ser Tyr Asn 
785 790 795 800 

Lys Leu Gin Cys Leu Gin Arg His Ala Leu Ser Gly Leu Asn Asn Leu 
805 810 815 

Arg Val Val Ser Leu His Gly Asn Arg He Ser Met Leu Pro Glu Gly 
820 825 830 

Ser Phe Glu Asp Leu Lys Ser Leu Thr His He Ala Leu Gly Ser Asn 
835 840 845 

Pro Leu Tyr Cys Asp Cys Gly Leu Lys Trp Phe Ser Asp Trp He Lys 
850 855 860 

Leu Asp Tyr Val Glu Pro Gly He Ala Arg Cys Ala Glu Pro Glu Gin 
865 870 875 880 



Met Lys Asp Lys Le^ lie Leu Ser Thr Pro Ser Ser Se^ Phe Val Cys 
885 890 895 

Arg Gly Arg Val Arg Asn Asid lie Leu Ala Lys Cys Asn Ala Cys Phe 
900 905 910 

Glu Gin Pro Cys Gin Asn Gin Ala Gin Cys Val Ala Leu Pro Gin Arg 
915 920 925 

Glu Tyr Gin Cys Leu Cys Gin Pro Gly Tyr His Gly Lys His Cys Glu 
930 935 940 

Phe Met lie Asp Ala Cys Tyr Gly Asn Pro Cys Arg Asn Asn Ala Thr 
945 950 955 960 

Cys Thr Val Leu Glu Glu Gly Arg Phe Ser Cys Gin Cys Ala Pro Gly 
965 970 975 

Tyr Thr Gly Ala Arg Cys Glu Thr Asn lie Asp Asp Cys Leu Gly Glu 
980 985 990 

lie Lys Cys Gin Asn Asn Ala Thr Cys lie Asp Gly Val Glu Ser Tyr 
995 1000 1005 

Lys Cys Glu Cys Gin Pro Gly Phe Ser Gly Glu Phe Cys Asp Thr Lys 
1010 1015 1020 

lie Gin Phe Cys Ser Pro Glu Phe Asn Pro Cys Ala Asn Gly Ala Lys 
1025 1030 1035 1040 

Cys Met Asp His Phe Thr His Tyr Ser Cys Asp Cys Gin Ala Gly Phe 
1045 1050 1055 

His Gly Thr Asn Cys Thr Asp Asn lie Asp Asp Cys Gin Asn His Met 
1060 1065 1070 

Cys Gin Asn Gly Gly Thr Cys Val Asp Gly lie Asn Asp Tyr Gin Cys 
1075 1080 1085 

Arg Cys Pro Asp Asp Tyr Thr Gly Lys Tyr Cys Glu Gly His Asn Met 
1090 1095 1100 

lie Ser Met Met Tyr Pro Gin Thr Ser Pro Cys Gin Asn His Glu Cys 
1105 1110 1115 1120 

Lys His Gly Val Cys Phe Gin Pro Asn Ala Gin Gly Ser Asp Tyr Leu 
1125 1130 1135 

Cys Arg Cys His Pro Gly Tyr Thr Gly Lys Trp Cys Glu Tyr Leu Thr 
1140 1145 1150 

Ser lie Ser Phe Val His Asn Asn Ser Phe Val Glu Leu Glu Pro Leu 
1155 1160 1165 

Arg Thr Arg Pro Glu Ala Asn Val Thr lie Val Phe Ser Ser Ala Glu 
1170 1175 1180 

Gin Asn Gly lie Leu Met Tyr Asp Gly Gin Asd Ala His Leu Ala Val 
1185 1190 1195 1200 



Glu Leu Phe Asn Gly Arg lie Arg Val Ser Tyr Asp Val Gly Asn His 
1205 1210 1215 

Pro Val Ser Thr Met Tyr Ser Phe Glu Met Val Ala Asp Gly Lys Tyr 
1220 1225 1230 



His Ala Val Glu Leu Leu Ala lie Lys Lys Asn Phe Thr Leu Arg Val 
1235 1240 1245 

Asp Arg Gly Leu Ala Arg Ser He lie Asn Glu Gly Ser Asn Asp Tyr 
1250 1255 1260 

Leu Lys Leu Thr Thr Pro Met Phe Leu Gly Gly Leu Pro Val Asp Pro 
1265 1270 1275 1280 

Ala Gin Gin Ala Tyr Lys Asn Trp Gin He Arg Asn Leu Thr Ser Phe 
1285 1290 1295 

Lys Gly Cys Met Lys Glu Val Trp He Asn His Lys Leu Val Asp Phe 
1300 1305 1310 

Gly Asn Ala Gin Arg Gin Gin Lys He Thr Pro Gly Cys Ala Leu Leu 
1315 1320 1325 

Glu Gly Glu Gin Gin Glu Glu Glu Asp Asp Glu Gin Asp Phe Met Asp 
1330 1335 1340 

Glu Thr Pro His He Lys Glu Glu Pro Val Asp Pro Cys Leu Glu Asn 
1345 1350 1355 1360 

.Lys Cys Arg Arg Gly Ser Arg Cys Val Pro Asn Ser Asn Ala Arg Asp 
1365 1370 1375 

Gly Tyr Gin Cys Lys Cys Lys His Gly Gin Arg Gly Arg Tyr Cys Asp 
1380 1385 1390 

Gin Gly Glu Gly Ser Thr Glu Pro Pro Thr Val Thr Ala Ala Ser Thr 
1395 1400 1405 

Cys Arg Lys Glu Gin Val Arg Glu Tyr Tyr Thr Glu Asn Asp Cys Arg 
1410 1415 1420 

Ser Arg Gin Pro Leu Lys Tyr Ala Lys Cys Val Gly Gly Cys Gly Asn 
1425 1430 1435 1440 

Gin Cys Cys Ala Ala Lys He Val Arg Arg Arg Lys Val Arg Met Val 
1445 1450 1455 

Cys Ser Asn Asn Arg Lys Tyr He Lys Asn Leu Asp He Val Arg Lys 
1460 1465 1470 

Cys Gly Cys Thr Lys Lys Cys Tyr 
1475 1480 



<210> 8 
<211> 155 
<212> PRT 

<213> Caenorhabditis elegans 



<400> 8 

Arg Asn Pro Xaa He Cys Asp Cys 
1 5 



Asn Leu Gin Lys Asn He Glu Thr 
20 



Lys Arg Leu Arg Lys Lys Lys Phe 
35 40 



Lys Cys Lys Gly Ser Glu Ser Phe 
50 55 

Phe He Asp Ser He Cys Pro Thr 



Asn Leu Gin Trp Leu Ala Gin He 
10 15 

Ser Gly Ala Arg Cys Glu Gin Pro 
25 30 

Ala Thr Leu Pro Pro Asn Lys Phe 
45 

Val Ser Met Tyr Ala Asp Ser Cys 
60 

Gin Cys Asp Cys Tyr Gly Thr Thr 



65 70 



75 80 



Val Asp Cys Asn Lys Arg Gly Leu Asn Thr He Pro Thr Ser lie Pro 
85 90 95 

Arg Phe Ala Thr Gin Leu Leu Leu Ser Gly Asn Asn He Ser Thr Val 
100 105 110 

Asp Leu Asn Ser Asn He His Val Leu Glu Asn Leu Glu Xaa Leu Asp 
115 120 125 

Leu Ser Asn Asn His He Thr Phe He Asn Asp Lys Ser Phe Glu Lys 
130 135 140 

Leu Ser Lys Leu Arg Glu Leu Xaa Leu Asn Asp 
145 150 155 



<210> 9 
<211> 735 
<212> PRT 

<213> Caenorhabditis elegans 
<400> 9 

Ser Asn Lys Asn Leu Thr Ser Phe Pro Ser Arg He Pro Phe Asp Thr 
15 10 15 

Thr Glu Leu Tyr Leu Asp Ala Asn Tyr He Asn Glu He Pro Ala His 
20 25 30 

Asp Leu Asn Arg Leu Tyr Ser Leu Thr Lys Leu Asp Leu Ser His Asn 
35 40 45 

Arg Leu He Ser Leu Glu Asn Asn Thr Phe Ser Asn Leu Thr Arg Leu 
50 55 60 

Ser Thr Leu He He Ser Tyr Asn Lys Leu Arg Cys Leu Gin Pro Leu 
65 70 75 80 

Ala Phe Asn Gly Leu Asn Ala Leu Arg He Leu Ser Leu His Gly Asn 
85 90 95 

Asp He Ser Phe Leu Pro Gin Ser Ala Phe Ser Asn Leu Thr Ser He 
100 105 110 

Thr His He Ala Val Gly Ser Asn Ser Leu Tyr Cys Asp Cys Asn Met 
115 120 125 

Ala Trp Phe Ser Lys Trp He Lys Ser Lys Phe He Glu Ala Gly He 
130 135 140 

Ala Arg Cys Glu Tyr Pro Asn Thr Val Ser Asn Gin Leu Leu Leu Thr 
145 150 155 160 

Ala Gin Pro Tyr Gin Phe Thr Cys Asp Ser Lys Val Pro Thr Lys Leu 
165 170 175 

Ala Thr Lys Cys Asp Leu Cys Leu Asn Ser Pro Cys Lys Asn Asn Ala 
180 185 190 

He Cys Glu Thr Thr Ser Ser Arg Lys Tyr Thr Cys Asn Cys Thr Pro 
195 200 205 

Gly Phe Tyr Gly Val His Cys Glu Asn Gin He Asp Ala Cys Tyr Gly 
210 215 220 

Ser Pro Cys Leu Asn Asn Ala Thr Cys Lys Val Ala Gin Ala Gly Arg 
225 230 235 240 



Phe Asn Cys Tyr Cys Asn Lys Gly Phe Glu Gly Asp Tyr Cys Glu Lys 
245 250 255 

Asn lie Asp Asp Cys Val Asn Ser Lys Cys Glu Asn Gly Gly Lys Cys 
260 265 270 

Val Asp Leu Val Arg Phe Cys Ser Glu Glu Leu Lys Asn Phe Gin Ser 
275 280 285 

Phe Gin lie Asn Ser Tyr Arg Cys Asp Cys Pro Met Glu Tyr Glu Gly 
290 295 300 

Lys His Cys Glu Asp Lys Leu Glu Tyr Cys Thr Lys Lys Leu Asn Pro 
305 310 315 320 

Cys Glu Asn Asn Gly Lys Cys lie Pro lie Asn Gly Ser Tyr Ser Cys 
325 330 335 

Met Cys Ser Pro Gly Phe Thr Gly Asn Asn Cys Glu Thr Asn He Asp 
340 345 350 

Asp Cys Lys Asn Val Glu Cys Gin Asn Gly Gly Ser Cys Val Asp Gly 
355 360 365 

He Leu Ser Tyr Asp Cys Leu Cys Arg Pro Gly Tyr Ala Gly Gin Tyr 
370 375 380 

Cys Glu He Pro Pro Met Met Asp Met Glu Tyr Gin Lys Thr Asp Ala 
385 390 395 400 

Cys Gin Gin Ser Ala Cys Gly Gin Gly Glu Cys Val Ala Ser Gin Asn 
405 410 415 

Ser Ser Asp Phe Thr Cys Lys Cys His Glu Gly Phe Ser Gly Pro Ser 
420 425 430 

Cys Asp Arg Gin Met Ser Val Gly Phe Lys Asn Pro Gly Ala Tyr Leu 
435 440 445 

Ala Leu Asp Pro Leu Ala Ser Asp Gly Thr He Thr Met Thr Leu Arg 
450 455 460 

Thr Thr Ser Lys He Gly He Leu Leu Tyr Tyr Gly Asp Asp His Phe 
465 470 475 480 

Val Ser Ala Glu Leu Tyr Asp Gly Arg Val Lys Leu Val Tyr Tyr He 
485 490 495 

Gly Asn Phe Pro Ala Ser His Met Tyr Ser Ser Val Lys Val Asn Asp 
500 505 510 

Gly Leu Pro His Arg He Ser He Arg Thr Ser Glu Arg Lys Cys Phe 
515 520 525 

Leu Gin He Asp Lys Asn Pro Val Gin He Val Glu Asn Ser Gly Lys 
530 535 540 

Ser Asp Gin Leu He Thr Lys Gly Lys Glu Met Leu Tyr He Gly Gly 
545 550 555 560 

Leu Pro He Glu Lys Ser Gin Asp Ala Lys Arg Arg Phe His Val Lys 
565 570 575 

Asn Ser Glu Ser Leu Lys Gly Cys He Ser Ser He Thr He Asn Glu 
580 585 590 

Val Pro He Asn Leu Gin Gin Ala Leu Glu Asn Val Asn Thr Glu Gin 



595 

Ser Cys Ser Ala 

610 



Gly Lys Cys Thr 
625 



Cys Asp Ser His 



Cys Asp Lys Gin 
660 



Ser Val Asp Arg 
675 

Glu Gin Asn Cys 
690 

Met He Cys Lys 
705 



Arg Gin Cys Gin 



600 

Thr Val Asn Phe 
615 

Asn Asn Ala Leu 
630 

Phe Ser Gly Glu 
645 

Lys Phe Arg Arg 



He Lys He Ala 
680 

Cys Thr Ala Val 
695 

Asn Gly Thr Thr 
710 

Cys Glu Pro Thr 
725 



Cys Ala Gly He 
620 

Ser Pro Lys Gly 
635 

His Cys Asp Glu 
650 

His His He Glu 
665 

Glu Cys Asn Gly 



Lys Lys Lys Gin 
700 

Lys He Ser Thr 
715 

Lys Ser Val Leu 
730 



605 

Asp Cys Gly Asn 



Tyr Met Cys Gin 
640 



Lys Arg He Lys 
655 



Asn Glu Cys Arg 
670 

Tyr Cys Gly Gly 
685 

Arg Lys Val Lys 



Val His He He 
720 



Ser Glu Lys 
735 



<210> 10 
<211> 154 

<212> PRT 
<213> mouse 

<400> 10 

Asp Pro Leu Pro Val His His Arg Cys Glu Cys Met Leu Gly Tyr Thr 
15 10 15 

Gly Asp Asn Cys Ser Glu Asn Gin Asp Asp Cys Lys Asp His Lys Cys 
20 25 30 

Gin Asn Gly Ala Gin Cys Val Asp Glu Val Asn Ser Tyr Ala Cys Leu 
35 40 45 

Cys Val Glu Gly Tyr Ser Gly Gin Leu Cys Glu He Pro Pro Ala Pro 
50 55 60 

Arg Ser Ser Cys Glu Gly Thr Glu Cys Gin Asn Gly Ala Asn Cys Val 
65 70 75 80 

Asp Gin Gly Ser Arg Pro Val Cys Gin Cys Leu Pro Gly Phe Gly Gly 
85 90 95 

Pro Glu Cys Glu Lys Leu Leu Ser Val Asn Phe Val Asp Arg Asp Thr 
100 105 110 

Tyr Leu Gin Phe Thr Asp Leu Gin Asn Trp Pro Arg Ala Asn He Thr 
115 120 125 

Leu Gin Val Ser Thr Ala Glu Asp Asn Gly He Leu Leu Tyr Asn Gly 
130 135 140 

Asp Asn Asp His He Ala Val Glu Leu Tyr 
145 150 



<210> 11 
<211> 110 
<212> PRT 
<213> mouse 



<400> 11 ^ 
Ala Phe Lys Cys His His Gly Gin Cys His He Ser Asp Arg Gly Glu 
15 10 15 

Pro Tyr Cys Leu Cys Gin Pro Gly Phe Ser Gly His His Cys Glu Gin 
20 25 30 

Glu Asn Pro Cys Met Gly Glu He Val Arg Glu Ala He Arg Arg Gin 
35 40 45 

Lys Asp Tyr Ala Ser Cys Ala Thr Ala Ser Lys Val Pro He Met Glu 
50 55 60 

Cys Arg Gly Gly Cys Gly Thr Thr Cys Cys Gin Pro He Arg Ser Lys 
65 70 75 80 

Arg Arg Lys Tyr Val Phe Gin Cys Thr Asp Gly Ser Ser Phe Val Glu 
85 90 95 

Glu Val Glu Arg His Leu Glu Cys Gly Cys Arg Ala Cys Ser 

100 105 110 



<210> 12 
<211> 134 
<212> PRT 
<213> mouse 

<400> 12 

His Leu Arg Val Leu Gin Leu Met Glu Asn Arg He Ser Thr He Glu 
15 10 15 

Arg Gly Ala Phe Gin Asp Leu Lys Glu Leu Glu Arg Leu Arg Leu Asn 
20 25 30 

Arg Asn Asn Leu Gin Leu Phe Pro Glu Leu Leu Phe Leu Gly Thr Ala 
35 40 45 

Arg Leu Tyr Arg Leu Asp Leu Ser Glu Asn Gin He Gin Ala He Pro 
50 55 60 

Arg Lys Ala Phe Arg Gly Ala Val Asp He Lys Asn Leu Gin Leu Asp 
65 70 75 80 

Tyr Asn Gin He Ser Cys He Glu Asp Gly Ala Phe Arg Ala Leu Arg 
85 90 95 

Asp Leu Glu Val Leu Thr Leu Asn Asn Asn Asn He Thr Arg Leu Ser 
100 105 110 

Val Ala Ser Phe Asn His Met Pro Lys Leu Arg Thr Phe Arg Leu His 
115 120 125 

Ser Asn Asn Leu Tyr Cys 
130 



<210> 13 
<211> 104 
<212> PRT 
<213> mouse 

<400> 13 

Asn Asn Asp Asp Cys Val Gly His Lys Cys Arg His Gly Ala Gin Cys 
15 10 15 



Val Asp Glu Val Asn Gly Tyr Thr Cys He Cys Pro Gin Gly Phe Ser 



20 

Gly Leu Phe Cys Glu 
35 

Pro Cys Asp Gin Tyr 
50 

Gin Gin Glu Pro Thr 
65 

Cys Glu Lys Leu lie 
85 



25 

His Pro Pro Pro Met Val 
40 

Glu Cys Gin Asn Gly Ala 
55 

Cys Arg Cys Pro Pro Gly 
70 75 

Thr Val Asn Phe Val Gly 
90 



30 

Leu Leu Gin Thr Ser 
45 

Gin Cys He Val Val 
60 

Phe Ala Gly Pro Arg 
80 

Lys Asp Ser Tyr Val 
95 



Glu Leu Ala Ser Ala Lys Val Arg 
100 



<210> 14 
<211> 243 
<212> PRT 
<213> mouse 

<400> 14 

He Leu Asp Val Ala Ser Leu Arg Gin Ala Pro Gly Glu Asn Gly Thr 
15 10 15 

Ser Phe His Gly Cys He Arg Asn Leu Tyr He Asn Ser Glu Leu Gin 
20 25 30 

Asp Phe Arg Lys Met Pro Met Gin Thr Gly He Leu Pro Gly Cys Glu 
35 40 45 

Pro Cys His Lys Lys Val Cys Ala His Gly Cys Cys Gin Pro Ser Ser 
50 55 60 

Gin Ser Gly Phe Thr Cys Glu Cys Glu Glu Gly Trp Met Gly Pro Leu 
65 70 75 80 

Cys Asp Gin Arg Thr Asn Asp Pro Cys Leu Gly Asn Lys Cys Val His 
85 90 95 

Gly Thr Cys Leu Pro He Asn Ala Phe Ser Tyr Ser Cys Lys Cys Leu 
100 105 110 

Glu Gly His Gly Gly Val Leu Cys Asp Glu Glu Glu Asp Leu Phe Asn 
115 120 125 

Pro Cys Gin Met He Lys Cys Lys His Gly Lys Cys Arg Leu Ser Gly 
130 135 140 

Val Gly Gin Pro Tyr Cys Glu Cys Asn Ser Gly Phe Thr Gly Asp Ser 
145 150 155 160 

Cys Asp Arg Glu He Ser Cys Arg Gly Glu Arg He Arg Asp Tyr Tyr 
165 170 175 

Gin Lys Gin Gin Gly Tyr Ala Ala Cys Gin Thr Thr Lys Lys Val Ser 
180 185 190 

Arg Leu Glu Cys Arg Gly Gly Cys Ala Gly Gly Gin Cys Cys Gly Pro 
195 200 205 

Leu Arg Ser Lys Arg Arg Lys Tyr Ser Phe Glu Cys Thr Asp Gly Ser 
210 215 220 

Ser Phe Val Asp Glu Val Glu Lys Val Val Lys Cys Gly Cys Ala Arg 
225 230 235 240 



Cys Ala Ser 



